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INVESTIGATICN  OF  THE  ENVIRCr*ffiNTAL  CCNSEQUENCES 
OF  DISPOSAL  OF  THE  LITHIUM  - OPGANIC 

ELECEW3LYTE/S02  BATTERY 
I.  INTRODUCTION  AND  SUMMARY 

The  lithivsn-orgauiic  electrolyte-S02  battery  is  a new  priitiary 
battery  which  has  many  advantages  over  existing  primary  batteries.  The 
superior  electricail  properties  of  the  battery  are  produced  by  an  electro- 
chaniccd  systan  vAiich  contains  sane  unconventional  materials  and  uses  a 
ncn-aqueous  electrolyte.  The  major  ccraponents  of  the  battery  system  in- 
vestigated include  lithium  metal  as  the  anode,  a carbon  cathode  consisting 
of  a mixture  of  carbon  and  teflon  on  a sixport  screen,  and  an  electrolyte 
consisting  of  lithium  bromide  and  sulfur  dioxide  dissolved  in  acetonitrile  "" 
(propylene  carbonate  may  be  mixed  with  the  solvent) . Conventional  materials 
are  used  for  separators  inside  the  battery  and  for  the  outside  jacket. 

Because  of  the  potential  hazardous  or  toxic  nature  of  sane  of  the 
battery  cat^xaients,  the  U.S.  Aniy  contracted  for  a study  on  the  environ- 
mentcil  consequences  of  th.e  disposal  of  the  battery  by  Army  personnel.  The 
objective  of  this  program  was  to  provide  recarmendaticns  for  low  cost  environ- 
mentally acceptable  disposal  procedures  for  both  large  and  small  quantities 
of  the  battery. 

In  order  to  accoiplish  the  objective,  three  tasks  have  been  per- 
formed. The  first  task  involved  a number  of  subtasks.  First,  a collection 
of  available  toxicity  data  and  an  evaluation  of  the  relative  hazardo\:sness 
of  the  ccmponents  of  the  battery  were  made.  Then  a listing  and  description 
of  standard  disposal  preictices  for  hazardous  wastes  was  coipiled.  tfext. 

State  and  Federal  regulations  pertaining  specifically  to  disposal  of  the 
lithium  battery  were  sought.  Since  none  were  found,  general  hazardous  waste 
disposal  regulations  were  ccnpiled. 
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Finally  a preliminary  assessment  was  made  of  the  standard  disposaLL  practices 
as  they  relate  to  th^  problan  of  the  lithim  cell  and  its  chemical  constituents. 
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^ The  second  task  involved  a laboratory  investigation  of  selected 

f land  disposaLL  procedures  to  evaLLuate  which,  if  any,  is  the  most  acceptable  ^ 

I f procedure.  A major  effort  on  this  task  was  devoted  to  laboratory  testing. 

[ A test  plan  was  devised  to  provide  infonnation  in  the  following  areas: 

(1)  battery  cotponent  solubility  and  hydrolysis  product 
identification ; 

(2)  soil  adsorption  and  precipitation;  and 

(3)  soil  leachate  testing. 

"^e  results  of  the  testing  program  indicated  the  following: 

• that  many  of  the  battery  components  are  quite  soluble  in  water; 

• that  cyanide  wcis  detected  in  significant  concentrations  in 
a solution  made  by  cutting  open  a discharged  cell  and 
innersing  it  in  water; 

• that  once  the  carponents  of  the  battery  were  exposed  to  an 
aqueous  environment  several  days  were  required  for  the 
cotponent  concentrations  to  reach  seme  sort  of  equilibrium; 

• the  sandy  loam  soil  proved  to  be  relatively  non-adsorbent 
bo  the  battery  cotponents,  whereas  the  test  data  on  the 
silty  clay  and  silty  loam  soils  were  inconclusive;  eind 

• that  the  column  leacdiate  test  using  sandy  loam  soil  shewed 
th£  presence  of  significant  quantities  of  cyanide  in  the 
leachate  fron  two  discharged  cells. 

Ihe  third  task  of  the  program  was  the  preparation  of  preliminary 
disposed,  reocmendations  based  upon  the  res;iLts  of  the  first  two  tasks.  These 
reoenmendations  considered  both  Icirge  quantity  and  small  quantity  disposal. 

Versar's  opinion,  based  on  the  results  of  data  generated  to  date, 
is  that  secured  landfills  or  lined  disposal  ponds  are  the  only  environment- 
ally acceptable  disposeil  alternatives.  Disposal  would  be  limited  to 
these  methods  because  of  the  quantities  of  cyanide  released  from  discharged 
cells.  Tha  res\ilts  of  the  laboratory  studies  showed  that  a discharged 
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D“cell  liberates  as  much  as  205  mg  of  cyanide.  This  quantity  of  cyanide 
vculd  have  a lethal  effect  on  three  humans.  Although  it  is  recognized 
that  this  quantity  of  cyanide  could  be  diluted  with  a large  quantity  of 
vsater  to  below  the  toxic  limits  (approximately  1,000  liters  or  270 
gallons  would  be  required  per  cell) , there  is  no  way  to  accurately  predict 
how  or  where  this  vrould  occur  in  a normal  landfill  situation.  Furthermore, 
the  purpose  of  a control  led  disposed  procedure  is  to  dispose  of  the  Wciste 
in  a manner  vAnch  precludes  or  minimizes  release  to  the  environment  of  toxic 
or  hazardous  materials. 

It  is  recomiended  that  further  investigations  should  be  made  to  more 
fully  evaluate  the  lithium  cells  and  its  chemical  ccmponents.  This  work 
shoxild  oonsist  first  of  additional  analysis  of  charical  ccmponents  fron  both 
live  and  discharged  lithium  cells.  Tb  date  analysis  has  been  done  on  only 
about  six  discharged  cells  in  a fully  discharged  state.  The  level  to  which 
the  cells  were  discharged  may  not  be  representative  of  'typical'  conditions 
generated  for  cells  in  field  maneuvers.  Also,  the  analysis  of  six  cells  has 
not  provided  an  adeuqate  base  upon  which  to  statistically  evaluate  the  results 
at  different  discharge  levels. 

Second,  the  column  leachate  studies  should  be  continued  until  sorpticn 
of  cell  chanical  ccmponents  can  be  evaluated  for  silty  clay  and  clay  type 
soils.  Tb  date,  data  was  available  only  for  the  relatively  high  permeabilitv 
and  ncn-sorptive  sandy  tipe  soil.  Data  from  the  lower  permeability  and 
typically  more  sorptive  soils  may  indicate  cell  ccmponent  concentrations  are 
reduced  by  contact  with  tlese  soils. 

Results  of  additioncLl  work  would  provide  a more  corplete  da-'ca  bcise 
upon  which  to  fully  characterize  the  chanical  constituents  of  live  and  a 
range  of  discharged  lithiisn  cells.  Future  disposal  reccnmendations  based  on 
this  data  and  the  leachate  colunn  studies  could  be  formulated  with  much  greater 
reliability. 

A possibility  exists  that  the  chanical  conposition  of  the  lithium- 
organic  electrolyte/SOa  cell  can  be  changed  or  modified  to  eliminate  or 
greatly  reduce  the  formation  of  cyanide,  according  to  the  U.S.  Amy.  If 
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II.  TECHNICAL  RESULTS  AND  DISCUSSION 


Descrintion  cf  the  Batterv 


Ihe  lithixan-orgaric  electrolyte-S02  battery  is  a new  prirtiary 
battery.  It  has  several  advantages  over  existing  batteries.  These  advantages 
include  higher  voltage,  longer  shelf  life,  better  lew  tesrperature  perfcnrance, 
higher  capacity,  greater  powar  densities,  and  lighter  weight.  Lithian  batteries 
are  still  being  developed  by  cempanies  in  the  U.S.,  but  several  oorpanies  are 
currently  producing  this  battery  carmercially  in  limited  quantities. 

The  chemical  carposition  of  the  battery  and  the  toxicological  arjd 
hazardous  properties  of  the  battery  cenpenents  are  T ascribed  in  the  following 
sectiens. 

1.  Chgnical  Description 

The  lithiuit-crgardc  electrolyte/S02  cell  contains  lithium  metal 
as  the  anode  (usually  in  the  form  of  a ribbon)  with  acetylene  black  and 
sulfur  dioxide  as  the  cathode.  The  electrolyte  is  nen-aqueous  since  lithdum 
reacts  vigorously  with  water  to  generate  hydrogen  gas  and  heat.  The  electrolyte 
is  an  organic  liquid  containirg’  a soluble  salt  but  no  water.  The  electrolytes 
vhich  have  been  used  include  acetonitrile  and  propylene  carbonate.  The  salt 
used  in  the  electrolyte  is  lithium  bronide. 

During  disch.£irge  of  tha  battery,  the  dissolved  SO2  is  reduced  to 
sulfite  at  th.e  cathode  while  the  metallic  lithium  anode  is  converted  to  lithium 
ions.  As  a results,  the  spent  batteries  contain  ergarhe  sol\"ent  saturated  with 
dissolved  lithiim  salts  (including  sulfites) . 

There  is  also  an  apparent  ch.emical  reaction  of  the  acetonitrils 
solvent  to  produce  cyanide  ion.  Although  under  normal  conditions  aoetenitrile 
is  stable,  a chemical  reaction  with  lithium.,  in  the  absence  of  SO2  eaxoses 
cyanide  to  be  formed. 

The  typical  cenposition  of  a live  lithhxm-organic  electrolyte/S02 
D-cell  is  as  follows: 
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1.  Lithium  Anode  - 4.2  grams. 

2.  Carbon  cathode  consisting  of  an  aluminum  support  screen,  and 
80%  acetylene  black,  20%  teflon  mixture  - 13  grams. 

3.  Polypropylene  separator  - 1.0  gram. 

4.  Electrolyte  consists  of  24.5  grams  of  sulfur  dioxide.  2 grams 
of  lithium  bronide,  and  8.5  grams  of  acetonitrile. 

Ihe  caiposition  of  a discharged  battery  differs  in  that  lithium 
dithionite  (Li2S204)  is  formed  from  the  lithium  metal  and  s\iLfur  dioxide 
and  some  of  the  acetonitrile  is  broken  down  to  yield  cyanide. 

2.  Environmental  Bescriction 


Several  of  the  ctnpcnents  of  the  battery  have  toxic  or  hazardous 
properties  that  affect  the  selection  of  acceptable  disposal  methods.  A tho- 
rough literature  revise  of  the  toxicity  and  hazardousness  of  these  canocnents 
was  conducted  and  the  results  are  summarized  below.  Ccmplets  toxicity  profiles 
of  the  sidjstances  are  found  in  Appendix  A. 

Carbon,  teflon  and  polypropylene  were  reviewed  and  found  to  be 
innocuous  in  the  context  of  battery  disposal. 

Acetonitrile 

Acetonitrile  was  found  to  be  practically  non-toxic  to  mammals,  fish 
birds  and  amphibians.  Although  inhalation  of  the  vapor  in  a closed  roan  has 
caused  human  death,  it  does  not  represent  a serious  airborne  problan  because 
of  thie  high  concentration  required  to  produce  toxic  effects.  Acetonitrile  is 
flammable  and  is  a potential  h.azard  when  handling  the  batteries.  The  exo- 
thermic reaction  between  metallic  lithium  arh  water  can  ignite  acetonitrile, 
caijsing  a fire  cr  explosion.  Hcve'/er,  decoriposition  of  acetonitrile  into 
methyl-  and  cyanide  groups  is  the  major  toxicological  problem  associated  with 
this  coipound.  firry 

Cyanide  PLi !_ / * h =;  ^ L / 

Although  cyanide  is  net  a carponent  of  the  battery,  it  was  re- 
viewed because  its  presence  was  confirmed  in  laboratory  tests  designed  to 
identify  component  species  in  an  aqueous  solution.  Cyanide  is  acutely  toxic 


to  maitmals,  fish,  invert^rates , protozoa,  plants  and  bacteria.  The  cyanide 
ion  is  less  acutely  lethal  than  hydrogen  cyanide.  The  toxic  effect  of  cyanide 
is  due  to  its  interference  with  the  enzymes  associated  with  cellular  oxidation, 
so  that  cells  asphyxiate.  Cyanide  is  not  biologically  accumulated  and  at 
sub-toxic  dosages  it  is  rapidly  changed  in  the  body  to  relatively  non-toxic 
substances  (e.g.,  thiocyanate) . Hydrogen  cyanide  (KOI)  and  most  cyanide  salts 
are  extremely  soluble  in  water.  HCN  is  volatile  and  flarrmable. 

Lithium  and  its  Conpounds 

Metallic  lithium  (Li?  and  lithium  bromide  (LiBr)  are  conponents  of 
the  battery.  Two  other  lithium  caroounds  were  also  studied:  lithium  hydroxide 
(LiCH) , vAiich  is  formed  by  th  - reaction  between  lithium  and  water;  and  lithium 
dithionite  (Li2S204 ) , ^shich  occurs  as  a result  of  the  chemical  oxidation  of 
lithium  and  reduction  of  sulfur  dioxide  during  battery  discharge. 

The  toxicity  of  metallic  lithium  was  not  considered  germane  to  this 
study  because  it  reacts  immediately  on  contact  with  water  or  water  vapor  to  form 
LiCH  and  hydrogen  gas.  Lithium  hydroxide  (LiOH)  is  a strong  base  and  its  toxicity 
is  due  to  its  corrosive  action  on  skin  and  internal  tissues.  When  dissolved  in 
water,  an  increase  in  pH  occurs  vhich  could  be  toxic  to  aquatic  and  i-'oil  biota. 
Lithium  dithionite  (Li2S20i.)  forms  a slightly  alkaline  solution  in  water  which 
is  corrosive  to  skin.  No  toxicity  data  are  available  for  Li2S204,  but  data  on 
Na2S204  (sodium  dithionite)  indicate  that  the  SzOit~  group  is  practically  non- 
toxic to  manuals.  Lithium  bromide  (LiBr)  is  also  practically  non-toxic  to 
manirals.  The  major  groups  of  organisms  threatened  by  the  lithium  conpounds  are 
plants  and  freshwater  invertebrates.  Very  small  amounts  (1-30  mg/1)  of  lithi'jm 
catrcunds  added  to  soil  have  caused  toxic  effects  to  a variety  of  plants, 
especially  citrus.  Concentrations  of  lithium  salts  as  low  as  7.2  mg/1  have 
inrobilized  freshwater  invertebrates.  This  concentration  is  several  orders 
of  magnitude  lower  than  with  the  oorresponding  sodium  and  calcium  salts. 

Lithium  metal  can  caxjse  an  airborne  hazard  vhen  it  reacts  with  water. 


releasing  explosive  hydrogen  gas. 

Proovlene  Carbonate 


besfavahable  copy 


Propylene  carbonate  (CaHsCOs)  is  practically  non-toxic  to  mammals. 
Nd  data  are  available  concerning  its  toxicity  to  other  organisms.  Propylene 
carbonate  is  flanmable  and  slightly  soluble  in  water. 
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Sulfur  Dioxide  and  Sulfursus  Arid 

Sulfur  dioxide  (SO2),  a gas,  is  toxic  to  plants,  irannals,  fish 
and  insects.  Ccrcentrations  in  air  of  less  than  1 ppm  have  caused  toxic 
reactions  in  plants. 

In  inairmals,  the  harmful  effects  of  SO2  are  due  to  physical  damage 
to  the  lungs  and  other  moist  areas.  In  contact  with  water,  SC2  forms  sulfurcus 
acid  (H2SO3)  which  corrodes  ohe  tissue. 

Hie  formation  of  H2S03  is  also  the  mechanism  by  which  SO2  exerts 
toxic  effects  on  fish  and  other  aquatic  life. 

Suiniiaxy 

The  lit'ium-crganic  elecrrolyte/S02  cell  contains  several 
substances  that  can  cause  serious  err/ironiEntal  problans.  Three  broad  areas 
of  ccncem  are:  (1)  release  of  toxic  or  hazardous  conpcunds  to  leach.ate  water; 
(2)  release  of  toxic  cases;  and  (3)  fire  or  explosion  hazard.  The  principal 
problems  to  be  considered  in  dispcsal  of  the  cell  are: 

(1)  Discharged  cells  tested  to  data  contain  measurable  quantities 
or  cyanide  which  is  extranely  toxic  to  1 forms  of  life; 

(2)  Plants  or  livestock  may  be  harmed  by  sulfur  dioxide,  or  lithium 
ion  (recannended  maximum  concentration  of  Li'*’  in  irrigation 
water  is  2.5  mg/1  - see  Appendix  A) . 

(3)  Acetonitrile  or  propylene  cartxsnata  could  be  ignited  by  heat 
released  during  the  reaction  between  metallic  lithium  and  water, 
or  sane  other  heat  so\irce,  and  could  cause  a fire  or  ersqjlosion. 


Table  2.1-1  gives  a qualitative  rating  of  the  toxicity  and  hazard 
of  each  of  the  carpcrmads  found  in  the  lithium-crganic  eIsctrolyte/S02  battery. 
The  rating  is  based  on  a qualitative  assessment  of  the  toxicity  of  the  com- 
ponents with  respect  to  the  concentrations  lively  to  result  fron  battery 
disDcsal. 
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TABI£  2.1-1 

QUALITATIVE  TCXICTIY  .AND  HAZARD  POTENTIAL  FOR  LITHIUM  BATTERY  CCMPOUWS 


Caroourd 

Toxic 
to  Plants 

Toxic  to 

Aquatic 

Aniitals 

Acetonitrile 

u.k.  ^ 

No 

CN" 

Yes 

Yes 

HCN 

Yes 

Yes 

Li  iretal 

Yes 

Yes 

Li*' 

Yes 

Yes 

Br~ 

u.k.  ‘ 

No 

SiOu 

u.k.  ^ 

No 

OH" 

Yes 

Yes 

Propylene 

Carbonate 

u.k.  * 

u.k.^ 

SO2 

Yes 

Yes 

H2SO3 

Yes 

Yes 

Toxic  to 
Manna  Is 
(incl.  hunans) 

Airborne 
Toxin  or 
Hazard 

Handling 

Hazard 

No 

NO 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

NO 

No 

No 

No 

No 

No 

No 

Yes 

No 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

^Unknown  - Infornation  on  toxicity  for  this  group  is  not  in 
published  literature. 
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B.  Disposal  Regulations 


Although  there  are  no  federal  or  state  regulations  that  refer 
specifically  to  disposal  of  lithiim  batteries,  a nuirber  of  solid  waste 
disposal  laws  include  provisions  that  are  applicable  to  battery  dis- 
posal, 

1.  Federcd  Regulations 

Federal  legislation  was  examined  for  regulations  pertinent 
to  disposal  of  lithium  batteries.  Of  the  federal  legislation,  the  Solid 
Waste  Disposal  Act  of  1965,  as  amended  by  a series  of  acts  including 
the  recent  "Resource  Conservation  and  Recovery  Act  of  1976",  is  the 
most  relevant  to  lithium  battery  disposal.  This  oonprehensive  Act  pro- 
vides for  a number  of  activities,  including  the  development  of  guide- 
lines for  solid  waste  management;  establishment  of  the  Office  of  Solid 
W&ste  within  the  EPA;  authorization  for  regulating  disposal  practices; 
technical  assistance  to  local  governments;  stimulation  of  markets  for 
and  government  procurement  of  recovered  resources;  technological  and 
financicil  assistance  tc-  programs  demonstrating  new  resource  recovery 
systens;  management  directives  for  hazardous  wastes;  and  development 
of  state  or  regional  solid  waste  plans. 

The  latter  two  subtitles  of  the  Act  are  most  pertinent  to  dis- 
posal of  lithium  batteries.  Subtitle  C - Hazardous  Waste  Management  - 
calls  for  the  identification  or  listing  of  hazardous  wastes;  promulgation 
of  disposal  and  transportation  regulations  for  these  wastes,  including 
provisions  for  record-keying,  reporting,  monitoring,  and  inspecting 
disposal  facilities;  establishment  of  a permit  system  for  solid  waste 
disposed  facilities;  and  provisions  for  enforcarent  of  hazardous  waste 
regulations  and  pe.nalties  for  violation.  Regulations  will  go  into  effect 
by  April  22,  1978  (18  months  after  the  enactment  of  the  amendments) . 

Subtitle  D of  the  Act  - State  or  Regional  ^’laste  Plans  - cadis 
for  establishment  of  state  or  regional  solid  waste  disposal  plans  which 
must  comply  with  several  requirements,  including:  the  phasing  out  of 

all  open  dunps  - to  be  replaced  by  resource  recovery,  sanitary  landfills, 
or  other  environmental)  ly  appropriate  mgjthods;  minimm  criteria  for 
sanitary  landfills;  coordination  of  state  and/or  regional  efforts;  and 
establishment  of  State  regulation  and  enforcement  powers. 


since  Subtitles  C and  D were  only  recently  enacted  as  part 
of  the  "Resource  Conservation  and  Recovery  itot  of  1976",  little  EPA  or 
state  action  has  been  taken  on  them.  Hcwever,  to  comply  with  Subtitle  D, 
serveral  states  cure  starting  to  carpile  lists  of  si±5stances  which  will 
not  be  permitted  in  sanitary  or  general  purpose  landfills.  Tel<^hone 
contacts  with  several  state  solid  waste  agencies  indicated  that  these 
lists  will  probably  include  cyanide,  pressxorized  gases,  and  possibly 
lithivan. 

2.  State  Regulations 

State  legislation  was  reviewed  for  provisions  relating  to  dis- 
poscd  of  lithium  batteries.  While  none  of  the  states  have  regulations 
specifically  aiimed  at  disposeil  of  lithiim  batteries,  at  least  one  regulates 
disposcil  of  wastes  containing  cyanide  and  pressurized  gases , and  several 
require  that  larjdfill  operators  obtain  special  permits  before  accepting 
chemiccil  or  industrial  wastes. 

A survey  of  state  legislation  revealed  that  all  fifty  states 
have  passed  legislation  providing  for  promulgation  of  guidelines  or 
regulations  for  solid  waste  disposal.  Forty- five  have  granted  enforce- 
ment authority  to  agencies  and  have  prescribed  penalties  for  violation 
(A  state-by-state  rundown  of  legislation  is  given  in  appendix  3) . 

The  most  stringent  solid  waste  legislation  has  been  enacted 
by  the  West  Coast  states.  California  has  defined  several  types  of  land- 
fills and  has  prescribed  the  wastes  which  may  be  accepted  by  each  type. 
Wastes  containing  cyanide  or  pressvirized  gas  must  be  disposed  of  in  a 
secured  landfill.  The  State  of  Oregon  requires  sanitary  landfill 
operators  to  examine  wastes  and  to  reject  all  chemical  or  industrial 
materials  (including  batteries) , which  must  be  sent  to  secured  landfills. 
I'^hshincton  State,  as  well  as  a number  of  other  states  throughout  the 
country,  is  currently  preparing  a set  of  criteria  listing  hazardous  wastes 
cind  regulating  their  disposal. 
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C.  Disposal  Methods 

Available  disposeil  methods  have  been  grouped  into  five  broad 
categories:  landfill;  incineration;  recovery  and  reuse;  ocean  dumping; 
and  other  methods.  Landfill  methods  are  varied  and  are  used  to  dispose  of 
most  of  the  solid  weistes  generated  in  the  United  States.  In  a recent  study 
of  solid  waste  disposal  in  the  battery  manufacturing  industry, ' ® Versar 
identified  five  methods  currently  used  to  dispose  of  scrap  cells:  open 
dimping;  disposal  in  general  purpose  landfills;  disposal  in  specicd  pirpose 
landfills;  drunming  (packing  in  steel  drums)  prior  to  landfilling;  and 
recovery  and  reuse. 

« short  description  of  each  of  the  methods  available  for  the 
disposcil  of  solid  wastes  is  sunmarized  below,  along  with  Versar 's  assess- 
ment as  to  th.eir  applicability  to  the  disposal  of  lithium  cells.  In  review- 
ing each  of  these  methods,  it  was  assumed  that  the  cell  would  be  disposed  of 
"intact"  rather  than  in  a crushed  or  open  manner.  Uncontrolled  crushing  of 
the  battery  has  the  potential  for  creating  a hazsurdovis  situation  at  the 
disposal  site  due  to  the  chemical  nature  of  the  battery. 

1.  Landfill  Methods 

Landfills  can  be  divided  into  five  groups: 

Open  dumps 

General  purpose  landfills 

Sanitary  landfills 

Special  purpose  landfills  and 

Secured  landfills. 

Each  of  these  will  be  discussed  below. 

In  addition  to  these  options,  several  modifications  are  available 
to  increase  the  environmental  security  of  solid  waste  disposal.  These 
modifications  include  drunming,  encapsulation  and  chemical  fixation  and 
will  be  discussed  under  the  sub-heading  "modifications". 

Open  Dumping 

Open  durtping  of  solid  wastes  into  dunps,  gravel  pits,  eind  othar 
urrxntrolled  areas  is  still  a prevalent  disposal  practice.  This  disposal 
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method  has  been  widely  used  for  many  years  because  of  its  convenience  and 
lof/  cost,  but  is  environmentally  dangerous  because  of  air  pollution, 
leachate,  runoff,  pathogenic  dissemination,  and  fire  potential. 

The  Resource  Conser/aticn  Recovery  Art  of  1976,  as  r»g»«y^-i  Wy!  in 
Section  2.2,  prohibits  open  dumping  and  for  tnis  reason,  the  open  dumping 
of  any  quantity  of  lithium  cells  is  environmentally  unacceptable. 

General  Purpose  landfills 

General  purpose  landfills  are  characterized  by  their  acceptance 
of  a wide  variety  of  wastes  (e.g.,  construction  debris,  paper,  and  other 
non-  or  slowly  biodegradable  materials) , and  by  t-.e  usual  absence  of 
special  containment,  monitoring,  documentation  and  leachate  trearment  pro- 
visions for  hazardous  wastes. 

At  this  point  in  time,  Versar  considers  the  general  purpose 
landfill  to  be  unacceptable  for  the  disposal  of  lithium  cells.  This  is  based 
on  the  fact  that  most  of  these  landfills  are  operated  in  an  uncontrolled 
manner,  in  that  the  v®stes  are  usually  not  segregated,  the  operator  is 
typiccilly  not  concerned  with  the  location  of  various  waste  material,  and 
it  is  very  imoommon  for  these  landfills  to  monitor  and  measure  leachate. 
Because  of  the  flamnable  nature  of  lithium  cells  and  the  levels  of  cyanide 
detected  in  discharged  cells  tested  to  date,  the  unoontrolled  placstent 
of  cells  in  a general  purpose  landfill  is  too  great  an  environmental  risk. 
Even  if  cyanide  were  not  present  in  the  discharged  cells,  the  fact  that 
the  cell  contains  pressiirized  gas  and  flarmable  materials  is  likely  to 
exclirie  its  consideration  as  a waste  accepted  in  a general  purpose  landfill. 


Sani'i*^T~'/  ]_ 

SarJ-tary  landfills  are  basically  ger^ral  purpose  lardf-'l. Is  which 
accept  biodegradable  wastes.  Such  wastes  as  danestic  and  commercial  garbage, 
sewage  sludge,  and  other  rapidly  degradable  material  are  routinely  placed 
in  sanitary  landrills.  Most  major  municipalities  operate  a san-itar*/  lard- 

the  recsxpt  of  curb-side  collected  garbage  and  other  sarJ.tary  wastes. 
Although  stats  laws  are  '/ariable,  most  require  the  operator  to  compact  ani 
cover  the  wastes  in  a prescribed  manner.  The  leachate  from  saru.tary  larjd- 
fills  can  cause  water  quality  problaos  (both  surface  and  subsurface)  due 
to  the  heavy  organic  lead  (e.g.,  high  bioc.hemical  cx^-gen  darand)  that  results 

from  the  decaying  waste.  The  generation  of  methane  gas,  due  to  anaerobic 
action  in  these  wastes,  is  also  a potential  hazard  at  the  landfill  site. 
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Based  on  data  generated  to  date,  it  is  Versar's  opinion  that 
sanitary  landfilling  may  be  unacceptable  for  disposal  of  lithiun  cells. 

However,  further  documentation  of  the  cyanide  le'/els  and  quantities  of 
batteries  for  disposal  under  atcti^al  field  conditions  need  to  be  assessed 
before  a final  reocnmendation  can  be  made.  In  addition,  low  permeability 
soils  containing  clay  and  silt  may  to  seme  degree  adsorb  cyanide  and 
remove  it  frem  leachate  produced  by  the  lithium  cells.  This  would  effective- 
ly reduce  the  potentieuL  toxid  effects  of  the  cyanide  in  the  leachate. 

Hevrever,  disposal  of  the  cells  may  be  judged  unacceptable  for 
sanitary  landfill  purposes  by  Federal  or  State  regulatory  agencies.  ^!Ost 
sanitary  landfills  do  not  exercise  control  over  tlie  material  received,  do 
not  practice  waste  segregation,  and  do  not  monitor  or  make  provisions  for 
controlling  leachate.  The  biological  action  that  occurs  in  a sanitary 
landfill  could  also  present  problems  to  the  disposal  of  lithium  cells. 
Biodegradation  may  liberate  cyanide  ion  from  the  acetonitrile  electrolyte.'* 

Special  Purpose  Landfill 

Specicil  purpose  landfills  accept  only  a specific  material  or  class 
of  wastes.  Eiccept  for  this  fact,  they  are  usually  operated  like  a general 
purpose  landfill  - without  special  containment,  mcnitoring  or  leachate  control. 
Versar's  recent  studies  of  solid  wastes  in  the  battery  industry^ ^ indicated 
that  primary  battery  manufacturers  rely  heavily  upon  the  special  purpose  land- 
fill for  disposal  of  scrap  cells.  The  cells  are  often  crushed  before  disposal 
so  that  they  cannot  be  collected  and  sold  as  nev  batteries.  In  most  cases  these 
special  purpose  landfills  are  operated  without  proper  control  of  leachate  which 
can  residt  in  ground  water  contamination. 

Disposed,  of  smeill  quantities  of  lithiun  cells  in  a special  purpose 
landfill  would  involve  segregating  the  cells  themselves  or  all  waste  generated 
in  a field  situation  which  would  include  the  lithim  cells. 

However,  disposed,  of  lithiun  cells  in  a landfill  dedicated  to  lithiun 
cells  may  not  mitigate  the  environmental  effects  that  will  occur.  Potential 
contamination  of  ground  vrater  still  exists  due  to  the  presence  of  cyanide,  SO 2 
and  lithiun  in  the  discharged  cell.  Disposal  of  toxic  materied.  in  a landfill 
which  dees  not  have  leachate  control  may  still  produce  adverse  envircmental 
effects. 


Secured  Landfill 
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Hie  definition  and  criteria  for  a secured  landfill  include: 

(a)  Hie  ccrposition  and  volume  of  each  waste  is  known  and 
approved  for  site  disposcLL  by  pertinent  regulatory  agencies; 

(b)  Hie  site  should  be  geologicadJ.y  and  hydrologically  approved 
for  hazardous  or  toxic  wastes.  Included  in  the  criteria 
would  be  a soil  or  soil/liner  with  a permeability  of  less 
than  10“ ® cm  per  sec  permeability  of  (soils  tested  in  this 
program  range  fron  10"^  to  10“®  cm/sec)  , a water  table  below 
the  lowest  level  of  the  lancifill,  and  adecruate  provision 
for  diversion  and  control  of  surfacie  water: 

(c)  Monitoring  wells  are  provided; 

(d)  Leachate  csontrol  and  treatment; 

(e)  Recxxrds  of  burial  coordinates  to  avoid  any  cdienic^al  inter- 
acrtions;  and 

(f)  Registration  of  the  site  for  a permanent  record. 

A nutiber  of  landfills  viiich  meet  the  physical  rec^uironents  (if 
not  all  thje  regulatory  cxiteria)  are  Icoated  aroung  the  country.  California 
has  a nimber  of  Class  1 impermeable  landfills  whicdi  accept  extreitely  hazardous 
materials.  Texas  has  similar  sites.  A n^mber  of  lew  level  radioactive  waste 
landfill  sites  accept  industrial  hazardous  wastes.  In  addition  to  the  radLo- 
aertive  waste  sites,  various  other  privately  envned  secured  landfills  also  accept 
hazardous  wastes.  At  the  present  time,  secured  lancifills  are  scattered  and 
are  not  fully  utilized.  Part  of  the  laede  of  utilization  stens  from  the  fact 
that  the  majority  of  the  sites  are  in  isolated  western  areas  away  fron  indirstriai 
centers.  Another  reason  for  the  laede  of  utilization  is  the  high  cost  as  compared 
to  erther  available  disposal  methcefs. 


Lew  permeability  soils  exist  in  seme  areas  of  the  country.  If 
impermeable  soil  is  not  available,  then  concrete,  asphialt,  plastic  and  other 
liners  and  covers  are  available  to  accomplish  similar  containment  and  isolation 
of  wastes. 

In  light  of  the  data  available  at  this  time,  it  is  believed  that  the 
large  and  stall  scale  disposed  of  lithiun  cells  can  best  be  accemplished  in  a 
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I seciired  landfill  that  meets  the  definitions  described  above.  This  includes 

provisions  for  geological  location  of  waste  placanent,  monitoring  wells,  and 
leachate  control.  States  which  operate  secured  or  hasardous  material  land- 
fills have  stringent  requirements  on  the  disposer  to  identify  and  quantify 
t all  materials  to  be  disposed,  including  toxic  materials. 

Modifications 

Several  modifications  are  available  to  enhance  the  environmental 
protection  afforded  by  landfill  disposal  methods.  Three  of  these  modifications 
involve  isolating  the  vrastes;  the  fourth  involves  chemical  treatment  of  th£ 
toxic  components.  The  modifications  are  discussed  below. 

Ecunming-Steel  druns,  alone  or  with  plastic  liners,  provide  some 
short-term  containment,  and  also  are  a convenient  storage  and  transportation 
mode  for  relatively  small  quantities  of  waste  (The  Department  of  Transportation 
regulations  for  shipment  of  lithiumwrganic  electrolyte-S02  cells  limit  gross 
weight  of  container  and  cells  to  75  pourjds) . There  are  two  problems  associated 
with  drurtming:  (1)  breaking  during  ccmipaction;  and  (2)  eventual  decay  of  the 

steel  drums.  Therefore,  unless  disposed  of  in  an  appropriate  landfill  site, 
release  to  th.e  environment  is  inevitable. 

Encapsulation-Relatively  impervious  materials  such  as  asphalt  or 
clay  can  be  used  to  cover  wastes  (capping)  to  retard  vertical  percolation  of 
water.  Although  this  method  tends  to  reduce  the  flow  of  water  through  the 
wastes,  horizontal  movements  are  unaffected.  Thus  t±e  leachate  that  does 
come  in  contact  with  the  wastes  will  contain  greater  concentrations  of 
soluble  materials. 

Ccmplete  encapsulation  is  used  to  isolate  (or  at  least  restrict 
contact  with)  wastes  frcm  ground  water.  Encapsulation  may  be  done  ^ situ 
by  lining  the  disposal  site  with  clay  or  asphalt  and  capping  the  site  after 
depositing  thie  wastes,  or  may  be  done  prior  to  deposition  by  encapsulating 
the  wastes  in  concrete  or  plastic.  Like  capping,  any  leachate  that  dees 
reach  the  wastes  will  pick  up  high  concentrations  of  soluble  materials. 

A further  consideration  is  that  organics  frcm  asphalt  and  plasticizers  fron 
plastic  may  create  leachate  problems  of  th.eir  own. 
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Unless  provisions  axe  made  for  isolation  frcst  ground  and  surface 
leachate  control  and  treatment,  and  separation  from  other  wastes, 
encapsvilation  alone  is  likely  not  acceptable  for  lithium  cell  dis- 
pcsaLL.  Although  erjtapsiilaticn  approximates  secured  landfill  ccnditicns, 
the  ability  of  various  encapsulating  materials  to  control  soluble 
materials  in  the  leachate  is  unJcnam.  Further  study  is  needed  to  establish 
the  capacity  of  encapsulation  to  contain  leachate  fron  the  battery. 

Q-,anicaQ.  fixation-Hazardous  sludaes  may  be  treated  either  on- 
site or  in  collection  areas  by  mixing  them  with  inorganic  chanicals 
and  catalysts  to  set  up  the  entire  mass  into  solid  structures  with 
low  leachability  and  good  land  storage  or  landfill  characteristics. 

Ihere  are  a number  of  such  processes  which  crcduce  solids  ranging 
from  crunbly  soil- like  materials  to  concrete  to  ceramic  slags. 

There  has  been  no  reported  instance  of  chemical  fiaiticn  being  used 
on  battery  industry  wastes. 

2.  Incineration 

Iroineraticn  may  be  ’used  to  dispcse  of  corbusnible  solid  '.vas-tes. 
Al'thcugh  incineration  reduces  or  eliminates  tne  volume  of  solid  wastes, 
it  may  change  a solid  waste  problati  to  an  air  pollu-tion  problem.  Incinera- 
tion requires  tne  utilization  of  soprusticatad  burn  ccn-trol  ecuipment  to 
ensure  maximum  ccmbusticn  and  to  prevent  forma-ticn  of  incompletely  oxidized 

corocunds  such  as  NO  and  SO  . 

X x 

Incineration  is  judged  to  be  inpractical  for  lithium  cell 
disposal  because  of  the  following  prcblaiB:; 

1.  Materials  containing  more  than  25  ppm  of  heavy  metals  are 
gaierally  unacceptable  for  incineration.  Nickel-plating  of 
the  steel  case  of  the  cell  presents  a problem  tere.  The 
cells  would  have  to  be  dismantled  prior  to  incineration. 

2.  Vola-tilizaticn  of  lithium; 

3.  Release  of  sulfur  dioxide  and  hydrogen  cyanide; 

4.  Seifety  problem  inherent  in  opening  of  the  cells,  i.e.,  when 
cut  or  broken  the  cells  may  burn  or  explode. 
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3.  Recx:verv  and  Reuse 


types  of  hazarfcus  waste  disposal.  However,  there  are  sore  serious 
drawbacks . 

(a)  Uie  pond  nmst  prevent  contamination  of  both  surface  and 
ground  water.  In  aimcst  ail  areas  this  means  a lined  pond. 
Liners  include  clay,  plastic,  concrete  and  epoxy,  sore  of 
which  are  relatively  expensive. 

(b)  Except  in  very  dry  climates,  ponds  ’.^nhcut  seepage  or  dis- 
c.harge  will  overflew  from  rainfall  accunulaticn. 

(c)  Ponds  are  prone  to  be  "flushed  cut"  with  massive  rainfall. 

It  is  scmetiires  difficult  and  experai’/e  to  provide  flood 
and  runoff  protection. 

(d)  Volatile  substances  such  as  hydrogen  cyanide  and  sulfur  dioxide 
can  escape  unhinjdered  into  the  atmesphere. 

Ihers  are  also  sore  advantages.  It  is  easier  to  mcnitor  and  treao 
the  pond  water  tlnan  leachate  water  fron  landfills,  -tlso,  aerobic 
decarpesitien  cf  cxidizable  wastes  may  proceed  mere  readily  due  to  the 
’uninpeded  diffusion  of  oxygen. 

Based  on  the  available  data,  we  think  that  disposal  ponds  could 
be  an  acceptable  disposal  method  for  lithium  cells  provided  that  leachate 
and  stirface  runoff  can  be  ccntrclled,  iiDnitored,  and  treated. 

6.  Deep  Well  Injecticn 

Deep  walling  is  a specialized  form  of  land  disposal  cf  hazardous 
vastes.  It  is  normally  restricted  to  liquids  only,  since  suspended  solids 
or  sludges  tend  to  clog  the  porous  rock  shade  or  sand  structure  into  which 
the  injection  occurs.  Another  restriction  is  tha.t  a suitable  aquifer  must 
be  feund  in  which  hazardous  '-vastas  can  be  permanently  contained,  and  will 
not  centaninats  ground  water  supplies.  Furthermore,  drilling  and  high 
pressure  pumping  ecuipirent  must  be  used  to  inject  the  liquids. 

Alttcuch  intact  lithium  calls  could  not  he  disposed  of  by  deep 
well  injection,  Versar  examined  tne  possibility  of  disposing  cf  the  liquid 
cerponents  of  the  cell  via  this  metned.  Because  cf  the  hazard  involved  in 
removing  the  liquids,  the  possibility  of  fire  or  explosion  during  injection, 
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the  problero  of  disposing  of  solid  residues  after  removing  the  liquids, 
and  the  expense  of  this  operation,  deep  well  injection  is  not  a viable 
method  for  disposal  of  lithium  battery  wastes. 


7.  Municipal  Sewers 

Mary  industries  dispose  of  soluble  substances  by  discharging 
them  to  municipal  sewers  for  treatment  at  sewage  treatment  plants.  Although 
all  of  the  liquid  or  dissolved  substances  in  the  lithium  battery  are 
extremely  soluble  in  water,  with  the  exception  of  propylene  carbonate 
(vdiich  is  slightly  soluble) , discharge  of  these  substances  into  nunicipal 
s&^'ers  was  desnsd  unacceptable  because: 

(a)  Most  sevage  treatment  plants  are  unprepared  and  unwilling 
to  accept  wastes  containing  cyanide  ar.d  sulfur  dioxide; 

(b)  Removing  the  liquid  ccmponents  of  the  battery  covild  be 
extremely  hazardous,  since  any  metallic  lithium  remaining 
in  the  battery  could  react  violently  with  water,  possibly 
causing  a fire  or  e:^losion;  and 

(c)  Solid  residues  would  still  require  disposal. 
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A laboratory  testing  program  was  designed  to  evaluate  the 


mobility  and  leachability  of  specific  cell  con^nents  in  soil  and  'yrater. 
The  program  was  divided  into  three  phases,  vrtiich  are  described  in  detail 
below.  The  purpose  of  the  laboratory  testing  program  was  as  follows: 

• To  determine  the  identity  of  the  chsnical  species  formed 
when  the  cell  coiponents  are  exposed  to  water,  and  the 
solubility  and  variation  with  time  of  specific  cell  ccm- 
ponents  from  both  live  and  discharged  cells  in  distilled 
water.  (Phase  1) 

• Tb  assess  the  amount  of  corponent  adsorption  by  three 
soil  types  of  varying  mineralogy  and  grain  size  in  a 
slurry  mixture  with,  live  and  discharged  battery  solutions 
(Phase  2) , and 

• To  determine  thie  nobility  and  adsorption  of  cell  components 
in  representative  soil  columns  of  varying  mineralogy  ard 
grain  size  \mder  saturated  soil  conditions  (Phase  3 and 
Leachate  Tests) 

1.  Phase  I Tests 

Methods  and  Materials 

The  materials  used  in  this  phase  included  the  following: 
five  - 5 gallon  stainless  steel  vessels 
liquid  nitrogen 
distilled  water 

mechanical  hack  saw  and  battery  holding  jig 
eight  cell  dischargers* 

The  methcd  used  in  this  phase  involved  the  following  steps: 

a.  Four  cells  were  tasted  for  their  airperage  and  voltage. 

Since  both  live  and  discharged  cells  were  to  be  compared, 
two  cells  were  discharged  for  72  hours  with  a line 
resistance  of  five  ohms. 

* cell  discharger  - "D"  cell  holder  with  two  resistors,  rated 
at  10  ohms,  10  watts,  in  parallel  between  cell  holder  poles. 
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b.  Prior  to  opening,  all  cells  were  frozen  in  liquid  nitrogen 
for  30  minutes  to  reduce  the  internal  pressvure  from  about 
three  atmospheres  to  about  one  atmosphere.  This  was  dene 
principcilly  to  reduce  the  amount  of  SO2  vaporization  during 
opoiing. 

c.  TWO  live  and  two  discharged  ceils  were  cut  in  half 
longitudinally  using  a mechanical  saw  in  a closed  fume  hood. 

d.  Ipon  opening,  the  cells  were  dropped  into  s^:arate  stainless 
steel  beakers  containing  five  liters  of  distilled  water. 

Time  from  opening  to  submergence  in  water  was  generally  less 
than  15  seconds  to  30  seconds  at  the  maximum. 

e.  The  beakers  containing  live  and  discharged  cells  were  seg- 
regated within  the  fume  hood  to  minimize  any  transfer  of 
volatile  constituents  fron  one  beaker  to  another.  A control 
was  set  up  with  distilled  water  alone. 

f . Cell  reaction  in  water  was  obser/ed  until  effervescence 
stopped.  Length  of  time  and  rate  of  bubbling  were  recorded. 

g.  Saxrples  for  analysis  were  taken  in  200  ml  aliquots  at  4,  24, 
72,  144  hours  after  placarent  in  stainless  steel  vessels. 

The  200  ml  sarrple  was  analyzed  immediately  for  pH,  conduct- 
ivity and  temperature.  Samples  were  then  split  into  ^.>0 
100  ml  samples,  one  for  lithium  and  sulfite  analyses,  one 
for  cyanide  ancLLysis.  Samples  were  filtered  using  a 0.45 
micron  micropore  glass  filter  under  suction  and  preser/ed 
according  to  EPA  approved  methods  (lithium  and  sulfite  sample 
stored  at  4'’C;  cyanide  sanple  adjusted  to  pH  12  with  10% 

NaOH) . (See  Appendix  C for  specific  methods) . 

h.  Each  test  was  rm  in  duplicate  i.e.  two  discharged  cells 
and  two  live  cells. 
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Tb  assure  that  cyanide  results  were  reflective  of  actual  cyanide 
and  not  d\ie  to  acetonitrile  dissociation  cuased  by  aneilytical  method,  an 
acetonitrile  control  vras  analyzed  for  cyanide.  Fran  a one  to  1,000  dilution 
of  acetonitrile  (0.787  grains  acetonitrile)  a cyanide  concentration  of  8 mg/1 
was  detects.  Fran  data  presented,  the  ratio  of  cyanide  to  acetonitrile  is 
one  percent.  This  oanpares  to  a ten  percent  ratio  conputed  fron  Phase  I 
cyanide  levels.  (1.7  grams  acetonitrile/liter  conpared  to  160  mg/l  cyanide 
detected) . 

Another  indication  that  cyanide  concentration  is  a result  of 
cell  oonponent  alteration  is  that  the  two  live  cells  showed  cyanide 
levels  greatly  belcw  that  of  discharged  cells.  This  voxild  not  be  the  case  if 
the  actual  analysis  procedure  led  to  acetonitrile  dissociation.  Bagprf  on 
these  tviTO  facts  it  was  concluded  that  cyanide  results  reflect 
Cjanide  levels  due  to  acetonitrile  dissociation  in  discharged  cells. 

Phase  I Results 

EH 

Both  discharged  cell  solutions  showed  an  arithmetic  decrease  of 
pH  over  the  entire  test  period  as  shown  in  Figure  2.4-1.  Discharged  cell  I 
solution  decreased  1.3  pH  units  fron  11.9  at  4 hours  to  10.6  at  144  hours. 
Discharged  cell  II  solution  decreased  fron  11.6  at  4 hours  to  8.9  at  144 
hours ; a change  of  2.7  pH  units . Live  cell  I solution  showed  a geometric 
increase  from  6.4  at  4 hours  to  10.3  at  144  hours,  or  an  increase  of  3.9 
pH  units.  Live  cell  II  pH  trend  resembled  a disciarged  cell  decreasing 
by  0.8  pH  units  fron  11.2  to  10.4  over  the  test  period.  Flaming  occurred 
when  the  live  ceil  II  was  cut  open,  and  may  have  resulted  in  a pH  con- 
dition atypical  for  a live  cell. 

Conductivity 

As  shewn  in  Figure  2.4-2,  discharged  cell  I and  II  solutions 
decreased  in  ccnductivity  through  24  hours,  fron  6400  to  5200  y.Thos/cm 
and  5100  to  3200  ymhos/cm,  respectively.  From  24  hours  to  144  hours  both 
discharged  cell  solutions  increased  to  about  the  same  levels,  5500  and 
5600  :_mhos/cm. 


23 


f Live  battery  I solution  increased  in  conductivity  frctn  3000  to 


6400  vjnhos/cm  over  the  test  period.  The  live  cell  II  solution  trend  re- 
sertsled  the  dischcirged  cell  solution,  shewing  a decrease  in  conductance 
fron  an  initial  hic^i  of  8400  to  6300  yinhos/cin  at  24  hours.  Fran  24  hours 
to  72  hours,  conductivity  increased  from  6300  to  7000  ymhos/cni,  followed 
by  a decresLse  fron  7000  to  6200  ijnhos/cm  fron  72  to  144  hours.  However, 
both  live  cell  solutions  at  6400  and  6200  ’jnihos/cm  are  considered  similar 
being  700  to  800  yrnhos/cm  higher  than  the  solutions. 

Sulfite 

As  shown  in  Figure  2.4-3,  discharged  cell  I solution  fluctuated 
over  the  test  period  with  an  initial  and  final  siilfite  concentration  of 
1030  ng/1.  Discharged  cell  II  solution  increased  steadily  fron  360  to 
2100  mg/1  through  144  hours.  Live  cell  I solution  shewed  only  a small 
gradually  increase  fron  1730  mg/1  at  4 hours  to  2350  mg/1  at  144  hours. 

Live  cell  II  solution  increased  geonetricaily  fron  1980  mg/1 
at  4 hours  to  5520  mg/1  at  72  hours,  ard  raiained  at  a level  about  two 
times  that  of  the  live  cell  I solution  through  144  hours. 

Lithium 

As  sham  in  Figure  2.4-4,  both  discharged  cell  I and  II  solutions 
displayed  geometric  increases  from  353  mg/1  and  339  mg/1,  respectively, 
at  4 hours  to  1076  mg/1  and  891  mg/1  respectively,  at  144  hours. 

Both  live  cell  solutions  I and  II  increased  in  lithium  con- 
centration at  a linear  rate  fron  475  and  658  mg/1  at  4 hours  to  sirriilar 
concentrations  of  798  and  791  mg/1,  respectively,  at  144  hours. 

Cyanide 

As  shown  in  Figure  2.4-5,  cyanide  concentrations  for  fcoth  dis- 
c.harged  cell  I and  II  showed  increased  through  24  hours;  discharged  cell 
I solution  increased  from  34  mg/1  at  4 hours  to  41  mg/1  at  24  hours  then 
decreased  to  26  mg/1  at  144  hours. 
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Discharged  cell  II  solution  cyanide  concentrations  were  ciniilatr 
in  trend  to  the  dischairged  cell  I solution.  After  increasing  frcn  31  mg/l 
at  4 hours  to  32  itig/1  at  24  hours,  the  cyanide  decreased  to  23  mg/l  at  144 
hours.  Both  discharged  cells  then  showed  about  25  percent  decrease  in 
cyanide  concentration  over  144  hours. 

Live  cell  I and  II  solutions  were  consistently  below  0.10  mg/l 
in  cyanide  concentration. 

Phai^e  I Samary 

Sene  similarities  and  differences  were  appaurent  between  live 
and  discharged  cell  component  concentrations  at  the  end  of  144  hours. 
Cyanide  concentrations  were  23  and  26  mg/l  in  the  discharged  cell  solutions 
whereas  they  were  less  than  0.1  mg/l  for  both  live  cell  solutions.  Final 
lithium  concentratiens  in  the  discharged  cell  varied,  but  were  higher  than 
the  live  cell  solutions  by  about  100  and  275  mg/l.  Conductivities  in  the 
live  cell  solutions  were  about  850  umhos/cm,  about  15  percent  hii^er  than 
in  the  discharged  cell  solutions.  The  pH  ranges  were  adhaline  for  all 
solutions  ranging  from  8.9  to  10.4.  There  was  as  much  variation  in  sul- 
fite levels  in  the  two  live  as  in  the  two  discharged  call  solutions,  all 
ranging  from  1080  to  5520  mg/l. 

2.  Phase  II  Tests 

Methrxis  and  Materials 

The  following  materials  were  utilized  in  this  phase: 

Nine  - 1 liter  Erlenmeyer  Flasks 

1500  grams  (3  x 500  gram  portions)  each: 

Mattapeake  Silty  Loam  * 
lakeland  Sandy  Loam  * 

Hagerstown  Silty  Clay  Loam  * 

2250  milliliters  (3  x 750  ml  portions)  each  of 
A live  cell  Solution** 

A Discharged  Cell  Solution** 

Shaker  Equipment 


**  Live  and  discharged  cell  solutions  were  obtained  from  preliminary 
Phase  I efforts  and  had  been  refrigerated  for  two  weeks  prior  to 
Phase  II  startup.  Ccnpeirisons  between  Phcise  I & II  results  presented 
in  this  text  should  be  made  in  this  light. 

* See  Appendix  Table  C-14  for  characteristics  of  soils. 
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The  rethod  enployed  in  this  phase  involved  the  foUcwing  steps: 

a.  Filtered  live  and  discharged  battery  solutions  obtained  from 
preliminary  Phase  I efforts  were  diluted  1:3  with  distilled 
water.  A 750  ml  aliquot  of  each  diluted  solution  was  mixed 
with  500  grams  of  three  different  soil  types.  Control  exper- 
iments were  set  up  with  the  sane  three  soil  types  using  dis- 
tilled water. 

b.  The  six  slurries  were  shaken  at  120  cycles/min.  over  the 
aitire  test  period.  Controls  were  thoroughly  shaken  four 
times  per  day  for  the  test  duration.  The  shaker  was  tamed 
off  30  minutes  prior  to  sanpling,  to  allow  the  suspended  solids 
to  settle. 

c.  One  100  ml  sanple  was  taken  fran  each  decanted  solution  (re- 
ferred to  subsequently  as  sinply  decant)  at  4,  24,  72  and 

148  hours  after  test  initiation.  Conductivity,  pH  and  tenper- 
ature  measurements  '^ere  made  on  these  100  ml  samples.  The 
100  ml  saitples  were  filtered  and  split  into  t«?o  50  ml  portions. 
Che  of  the  50  ml  saiiples  was  held  at  4®C  for  lithiun  and  sul- 
fite analyses.  The  other  50  ml  sanple  for  cyanide  analysis 
was  adjusted  to  pH  12  with  10%  MaOH  and  Ineld  at  4°C. 

Phase  H - Results 

EH 

a.  As  shmn  in  Figiire  2.4-6,  >5attapeake  Silty  loam  decant,  the 
discharged  cells  increased  slightly  in  pH  in  toe  first  four  (4)  hours  from 
3.95  to  4.30  foliated  by  a slight  increasing  trend  to  a pH  of  4.75  at 
168  hours. 

Live  cell  decant  shewed  a pH  decrease  from  an  initial  of  6.5  to 
5.1  after  4 hours,  and  continued  to  decrease  to  a final  pH  of  2.91. 


Notes:  1.  The  lakeland  Spent  Slurry  was  lost  due  to  breakage  aifter 

72  hours. 

2.  ^io  sulfite  results  are  included  because  of  the  very  low 
concentrations  reported  for  the  solution  used. 
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As  shewn  in  Figure  2.A-1 , the  pH  of  the  discharged  cell  decant 
increased  for  the  first  4 hours  fran  4.0  to  4.3,  and  decreased  at  a con- 
sistent rate  to  4.1  at  74  hours. 

Ihe  pH  of  the  live  cell  decant  parallad  the  trend  exhibited  by 
the  discharged  cell  decant  for  the  first  72  hours.  After  a pH  decrease 
in  the  first  4 heurs  from  6.5  to  5.7  the  pH  gradually  decreased  to  5.3 
at  163  hoxars. 

c.  Hagerstown  Silty  Clay. 

As  shown  in  Figure  2.4-8,  both  live  and  discharge  decant  2 displayed 
similir  trends  over  the  test  period.  Discharged  cell  decant  increased 
fran  an  initial  pH  of  4.0  to  5.7  in  the  first  four  hours,  decreased  to 
5.5  at  72  hours  and  increased  once  again  to  6.7  at  108  hours.  The  live 
cell  decant  increased  in  pH  from  6.5  to  6.7  in  the  first  four  hours,  de- 
creased to  5.7  at  72  hours  and  increased  to  6.6  at  168  hours. 


d.  Controls. 

The  control  decant  for  Mattapeake  soil  type  had  an  average  pH  of 
4.5  based  on  determinations  at  24  and  72  hours. 

Lakeland  control  pH  averaged  4.6,  and  Hagerstewn  control  pH 
a/erage  was  higher  at  6.0.  The  greatest  control  variance  was  0.2  pH 
units  with  the  Mattapeake  control. 

Conductivity 

a.  Mattapeake  Silty  Loam. 

As  shev.n  in  Figure  2.4-9,  the  conductivity  of  the  discharged  cell 
decant  decreased  fran  an  initial  5900  ymhos/cm  to  1980  ’jmhos/cm  in  the 
first  four  hours.  Fran  4 to  24  hours  little  change  in  conductivity 
occurred.  An  abrupt  increase  occurred  from  24  to  72  hours  changing 
from  1840  to  2370  _mhos/cm,  followed  by  a slight  increase  to  3400  ’.jmhos/cm 
at  168  hours. 
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The  live  cell  decant  conductivity  followed  a similar  pattern, 
dropping  fron  an  initial  reading  of  6800  umhos/cm  to  2010  ymhos/cin  in 
the  first  four  hours.  From  4 to  24  hours  conductivity  was  stable,  but 
increased  fron  2240  to  5500  vimhos/cm  fron  24  to  72  hours.  A slight  de- 
crease in  conductivity  was  observed  for  thje  duration  of  the  test  to  5300 
imhos/cm  at  168  hours. 

b.  Lakeland  Sandy  Loam. 

As  shewn  in  Figure  2.4-10,  a decrease  in  conductivity  was  observed 
for  both  live  and  discharged  cell  decant  with,  changes  from  6800  to  2350 
ymhos/cmi  and  5900  to  2200  ,jmhos/cm  respectively  for  the  first  4 hours. 

In  the  case  of  the  discharged  cell  decant  a period  of  stabiliza- 
tion occurred  from  4 to  24  hours,  and  then  increased  at  a linear  rate  from 
2230  '^Jmhos/an  at  24  hours  to  3230  '.jnhos/cm  at  72  hours. 

The  live  cell  decant  siiowed  a consistent  linear  irmrease  fron  2350 
unhos/cm  at  8 hours  to  6100  ’rrhos/cm  at  168  hours. 

c.  Hagerstewn  Silty  Clay. 

As  shown  in  Figure  2.4-11,  tie  live  and  discharged  cell  decants 
®^^^^^-h—ted  sunilar  trends  in  conductivity.  Following  an  initial  decrease 
in  ccnductivity  from  about  2100  to  2040  'jmhos/cm  in  the  first  4 hours, 
there  was  a pericd  of  stabilization  to  24  hours.  Subseguently  the  con— 
ducti-'/ity  increased  at  a linear  rate  frem  lows  about  2100  to  4300  and 
4700  L3tihcs/cm  at  168  hours  ror  the  discharged  and  live  decants  rescecti.vely. 

d.  Controls. 

Conductivity  of  Mattapeake  control  averaged  127 . 5 ymhos/cm  which 
is  less  than  ten  percent  of  the  lowest  condxictivity  reading  of  1840  •jnhos/cm 
for  Mattapeake  discharged  at  24  hours. 

Lakeland  control  conductivity  averaged  271.5,  15  percent  of  the 
Icwest  reading  for  lakeland  discharged  at  4 hours  (2200  'jnhos/cm)  . 
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Hagerstcwn  control  conductivity  averaged  205.5  umhos/cm  which 
I is  toi  percent  of  the  lowest  reading  of  2040  umhos/cm  for  the  Hagerstown 

discharged,  4 hours. 

Phase  II  Results  - Lithium 

a.  Mattapeake  Silty  loam. 

As  shown  in  Figure  2.4-12,  the  lithium  concentration  of  the  dis- 
charged cell  solution  decreased  from  496  mg/1  initially,  to  442  itg/1  at 
4 hours.  From  4 hours  to  168  hours  the  lithium  concentration  decreased 
at  a consistent  rate  from  442  mg/1  to  295  n^/1. 

The  live  cell  decant  lithium  concentration  paralleled  that  of  t.he 
disdiarged  cell  decant,  decreasing  initially  from  713  it^/1  to  605  mg/1 
at  4 hours.  Final  lithium  ccncentration  was  149  mg/1  at  168  hours. 

b.  Lakeland  Sandy  Loam. 

As  shewn  in  Figure  2.4-13,  both  decant  solutions  remained  stable 
throughout  the  test  period,  after  a decrease  through  the  first  four  hours. 
The  discharged  cell  decant  consistently  averaged  480  rcg/1  through  72  hours. 

The  live  cell  decant  shewed  a lithium  concentration  of  approximately 
660  mg/1  throughout  the  test  period. 

c.  Hagerstown  Silty  Clay. 

As  shevn  in  Figure  2.4-14,  the  lithium  concentration  of  the  dis- 
c.harged  cell  decant  remained  relatively  constant  throughout  the  test  per- 
concentration  of  460  mg/1  at  168  hours,  after  an  initial  decrease, 
frem  496  mg/1  to  434  mg/1  at  four  hours. 

The  lithium  concentration  of  the  live  cell  decant  displayed  a similar 
initial  decrease  from  213  mg/1  initially  to  580  rag/1  at  4 hours.  Fran 
4 hours  to  72  hours,  litiiium  concentration  remained  stable  ani  decreased 
to  440  nq/1  at  168  hours. 

d.  Controls. 

The  highest  lithium  ooncentration  of  any  of  the  controls  was 
0.023  n^.l  which  was  measured  in  the  Mattapeake  Control  at  72  hours.  This 
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value  represents  less  than  one  percent  of  the  lowest  concentration  of  any 
test  decants  using  the  Mattapeeike  soil. 

Phase  II  Results  - Cyanide 

a.  Mattapeake  Silty  Loam. 

As  shewn  in  Figure  2.4-15,  the  cyanide  concentration  of  discharged 
cell  decant  was  initially  1.3  mg/1,  increased  to  1.8  mg/1  at  4 hours,  de- 
creased to  1.6  mg/1  at  24  heurs,  essentially  remained  stable  through  72 
hours  and  dropped  to  0.15  mg/1  at  168  hours. 

The  live  cell  decant  cyanide  concentration  remained  belcw  0.10 
mg/1  throughout  the  test. 

b.  Lakeland  Sandy  Loam. 

As  shewn  in  Figure  2.4-16,  the  discharged  cell  decant  decreased 
in  cyanide  for  the  first  4 hours,  from  1.3  mg/1  to  0.19  mg/1,  increased 
froti  0.19  mg/1  at  4 hours  to  2.6  mg/1  at  24  hours  and  decreased  to  1.1  mg/1 
at  72  hours.  No  sample  was  obtained  at  168  hours  due  to  breakage  of  the 
flask  during  sha3dng. 

c Hagerstown  Silty  Clay. 

As  shewn  in  Figure  2.4-17,  thje  cyanide  concentration  decreased 
in  the  discharged  cell  decant  for  the  first  four  hours,  frem  1.3  mg/1 
to  0.20  mg/1,  remained  at  that  level  until  24  hours,  and  increased  to 
0.98  at  72  hours.  Fran  72  hours  to  168  hours  the  cyanide  ccncentraticn 
decreased  from  0.98  to  0.15  mg/1. 

The  live  cell  decant  increased  to  a high  of  0.44  mg/1  at  72  hours. 

d.  Controls. 

With  the  exception  of  lakeland  control,  cyanide  concentration 
never  exceeded  0.13  mg/1  in  control  decanted  samples.  The  Lakeland  control 
reached  a cyanide  concentration  of  0.53  mg/1  at  72  hours,  which  was  2.7 
times  greater  than  the  Icwest  concentration  obtained  from  the  Lakeland 
discharged  decant  of  0.19  mg/1.  t 
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Surrmary  of  Phase  II  Tests 


Live  Cell  Slurries 

There  was  an  overall  decrease  in  pH  for  both  Lakeland  and 
Mattapeake  decants,  and  an  increase  for  the  Hagerstown  decant. 

Discharged  Cell  Slurries 
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Both  Mattapeake  and  Lakeland  decant  changed  less  than  one  pH  j 

unit  (pH  4-5) . Overall  the  Hagerstown  decant  increased  in  pH  by  more  than 
two  pH  units  (pH  4-6.8)  throughout  the  test. 

Discharged  Versus  Live  Cell  Slurries 

Mattapeake  decant  showed  little  variation  between  the  live  and 
disch.arged.  The  live  cell  decant  decreased  to  pH  3.9;  representing  the  | 

lowest  pH  point  in  the  overall  test.  I 

I 

Both  live  and  discharged  Lakeland  decant  decreased  in  pH  overall;  ; 

thje  discharged  cell  decant  pH  was  consistently  1.5  pH  units  below  that  of  /, 

the  live  cell  decant.  |j 

Both  Hagerstown  live  arjd  discharged  cell  decant  followed  a similar  fj 

pH  pattern  with  a variation  of  less  than  one  oK  unit.  [; 

Conductivity 

Live  Cell  Slurries  ;'j 

All  live  cell  decants  displayed  an  increase  in  conductivity,  although  | 

at  'Varying  rates,  after  an  initial  decrease.  Mattapeake  decant  reached 
its  highest  conductivity  (ether  than  initial)  after  72  hours,  whereas  Lake-  j 

land  and  Hagerstown  required  163  hours  to  reach  peak  conductivity.  [ 

Discharged  Cell  Slurries  1 

All  discharged  cell  decanted  solutions  shewed  similar  conductivity  1 

up  to  72  hours,  than  displayed  varying  rates  of  increase.  J 

Discharged  Versos  Live  Cell  Slurries  | 

Bot.h  Mattapeake  and  lakeland  discharged  cell  decants  paralleled  I 

the  live  cell  decant  conductivity  trend,  but  at  a consistently  Icwer  level.  I 
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The  Hagerstcwn  discharged  cell  decant  conductivity  consistently  variai 
less  than  500  'jmhos/cm  frcan  that  of  live  cell  decant. 


Lithium 

The  lithium  concentrations  for  Hagerstown  and  Lakeland  decanted 
saiiplos  remained  essentially  constant  throughout  the  test  period  after 
initial  decrease  until  four  hours.  The  lithiun  concentrations  of  both 
Mattapeake  live  and  discharged  sartples,  decreased  at  a constant  rate 
throughout  the  test  period. 

In  all  cases,  the  lithium  concentrations  of  discharged  cell  saiiples 
'/«re  less  than  the  concentrations  of  live  cell  samples.  The  lithium 
concaitration  of  the  controls  reached  a maximum  of  0.20  mg/1  with  the 
Lakeland  control. 

Cyanide 

Cyanide  concmtration  in  discharged  cell  decants  reached  maxima 
of  2.0  mg/1  for  liagerstown  soil,  2.6  mg/1  for  Lakeland  soil,  and  1.3 
mg/1  for  Mattapeake  soil. 

Trends  of  both  lithi-om  and  cyanide  displayed  on  Figures  2.4-12, 

13,  14,  15,  16  and  17,  should  not  be  directly  attributed  to  soil  adsorption. 
Even  though  test  solutions  were  allowed  to  stablize  for  OaT)  weeks, 
equilibria  with  the  soils  cannot  be  assumed  and  therefore  the  results  pre- 
sented can  only  be  interpreted  as  trends  observed  in  these  test  siruaticns. 
To  formulate  cause  and  effect  relationships,  a much  more  detailed  and  con- 
trolled study  would  have  to  be  performed. 

Additional  information  regarding  soil  adsorption  may  be  obtained 
if  the  Hagerstown  and  Mattapeake  column  tests  are  continued.  Ancilysis  of 
the  leachate  and  possibly  the  soil  itself  would  allow  evaluation  of  t-he 
ranoval  of  cyanide  fran  the  leachate  passing  through  the  column.  This 
data  would  be  compared  to  the  conditions  documented  in  the  Lakeland  sandy 
soil. 
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3.  Phase  III  Tests 

Methods  and  Materials 

The  following  materials  were  required  in  this  Phase. 

- 9-4"  X 4 1/2"  OD  X 3/16"  W.T.  Glass  Columns* 

- 9 - Wire  mesh  retainers 

- Column  Rack 

- 12  Cells-  six  discharge,  six  live 

- 9 - 500  ml  Erlenmeyer  flasks 

- Liquid  Nitrogen 

- Nitrogen  Gas 

- Distilled  H2O 

- Im^  Lakeland  Sandy  Loam 

- Im^  Hagerstown  Silty  Clay  Loam 

- Im^  Mattapeake  Silty  Loam 

- l/2m^  Coarse  Gravel  1/4"  Diameter) 

- l/2m^  Fine  Gravel  (1/8"  Diameter) 

- Assorted  lygon  Tubing,  Rubber  Stoppers,  and  Hose  Clairps. 


fs 


*Equipped  with  outlet  and  overflew  nipples. 
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The  methods  used  are  as  follows; 

a*  In  all  columns,  two  inches  of  coarse  gravel,  two  inches 
of  fine  gravel  and  a mesh  retainer  were  aHHpH  previous 
to  paclcing  of  test  soils. 

b.  For  each  of  the  three  soil  types,  three  columns  were  packed 
to  a level  of  36  inches. 

c.  All  columns  were  fitted  with  overflow  hoses,  N2  supply,  flow 
regulating  clamps  and  collection  flasks. 

d.  An  H2O  head  of  3 inches  was  maintained  during  a one  wee.k 
period  at  a flow  from  the  column  of  5-10  ml/hr,  thus  insuring 
soil  saturation. 

e.  Six  cells,  previously  discharged,  and  six  live  cells  were  placed 
in  liquid  nitrogen  for  30  minutes  prior  to  cutting. 

f.  Cells  were  cut  lengthwise  on  a mechanical  hack  saw,  actual  cutting 
took  from  15-25  seconds  per  cell.  Time  from  cutting  to  place- 
ment in  the  columns  took  from  15  to  30  seconds. 

g.  For  each  soil  type,  2 cut  discharged  cells  (four  halves)  were  placed 
cne  column;  hvo  cut  live  cells  v;ere  placed  in  the  secord  column; 
the  third  column  in  each  set  was  maintained  for  a soil  control. 

h.  All  cell  halves  were  placed  two  inches  below  the  soil  surface. 

Tb  prevent  uncovering  during  H2O  head  replenishment,  eac.h  column 
was  capped  with  two  inches  of  cocirse  gravel. 

i.  Jto  flew  restriction  was  applied  to  any  Hagerstown  or  Mattapeake 
column.  Flow  in  Lakeland  soil  was  restricted  to  a maximum  of 
400  ml/day. 

j . Leachate  samples  were  taken  when  a collected  volume  of  200 
milliliters  or  more  was  obtained. 

k.  Conductivity,  pH  and  tempera ture  were  checked  and  recorded  for 
every  200  ml  sample  obtained-  The  200  ml  sample  was  divided 
into  two  100  ml  portions;  one  100  ml  sample  was  preserved  for 
lithium  and  sulfite  analyses;  the  second  100  ml  sample  was 
adjusted  with  10%  NaOH  to  a pH  of  12  and  held  for  cyanide 
analysis. 

>iote:  Upon  placement  of  opened  cells  in  columns,  flaming 

occurred,  persisting  for  2-3  minutes. 
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Lakeland  ReCTiUts 
EH 

The  determined  pH  of  eacdi  leachate  portion  frOTi  Lakeland  columns 
are  plotted  against  naxiitium  cumulative  volume  (Lakeland  live  - 7,035  ml) 
in  Figure  2.4-18.  Denotations  of  both  (cumulative)  volume  and  number 
of  days  in  text  are  relative  to  acti;ial  battery  fragment  inplantation  into 
soil  columns. 

The  first  leachate  sanple  from  discharged  cell  column  was  collected  on 
the  second  day  from  startup  (accumulative  volume  of  300  ml  ) and  had  a pH 
of  6.8.  Fran  the  fourth  day  (1270  ml  ) to  the  13th  day  the  pH  averaged 
6.4  with  little  variation  ( ±.06  pH  units) . 

This  stabilization  was  followed  by  an  increase  in  pH  to  the  24th 
day  (4635  ml  ) to  7.6,  follaved  by  a decreasing  trend  for  the  duration  of 
the  41  day  test  period  to  pH  7.0  (6395  ml  ) . 

Leachate  portions  from  Lakeland  live  column  increased  more  in  pH 
than  did  Lakeland  spent  portions. 

The  portion  obtained  on  the  second  day  (600  ml  ) had  a measured  pH 
of  5.6.  pH  increased  to  11.8  on  the  seventh  day  (2805  ml  ) and  steadily 
decreased  through  the  41st  day  (7035  ml  ) . 

Control  samples  indicated  little  pH  variance  of  Lakeland  Sandy 
loam  having  an  average  pH  of  6.7  ± .5. 

Conductivity 

The  conductivity  of  all  leachate  poirtions  are  plotted  against 
accumulative  volume  of  Figure  2.4-19.  Within  5 days  from  startu?),  con- 
ductivity of  spent  cell  column  had  peaked  at  12,050  umhos/cm  (1520  ml  ) 
followed  by  a decrease  to  5,500  viwhos/at  at  15  days  (3075  ml  ) . At  19 
days  (3575  ml  ) conductivity  was  10,600  umhos/cm  and  decreased  to  266 
umhos/an  at  41  days  (6395  ml  ) . 
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I Live  cell  leachate  conductivity  increased  from  an  initial 


130  ymhos/an  after  two  days  (600  ml  ) to  22,000  ymhos/anat  seven  days 
(7805  ml  ) and  receded  to  1,020  at  41  days  (7035  ml  ). 

Control  conductivity  values  were  consistently  below  250  umhos/cm. 

Sulfite 

Sulfite  concentrations  of  each  portion  from  Lakeland  discharged  cell 

column  plotted  against  cimulative  volume  (Figure  2.4-20)  shows  an  abrupt  increase 
from  an  initial  concentration  of  0.18  mg/1  at  two  days  (300  ml  ) to  11,100 
mg/1  at  7 days  (1820  ml  ) . From  the  seventh  (1820  ml  ) to  the  17th  day 
(3275  ml  ) siiLfite  concentration  was  consistaitly  above  10,000  mg/1  and 
decreased  to  0.9  mg/1  at  41  days. 

Sulfite  concentrations  of  Lakeland  live  cell  leachate  rose  to  a high,  of 
11,400  mg/1  at  6 days  (2305  ml  ) , and  decreased  at  a steady  rate  to  6.9 
mg/1  at  41  days  (7035  ml  ) . 

Sulfite  concentrations  of  control  portions  averaged  0.7  mg/1  with 
a maximum  of  5.0  itg/1  at  18  days  (3835  ml  ) . 

Lithium 

Lithium  concentratior  of  discharged  ceil  leachate  increased  through 
ten  days  (2200  ml)  to  a maximum  of  1,999  mg/1,  and  decreased  gradually  to 
17.2  mg/1  on  the  41st  day  (6395  ml  ) . 

Live  cell  leachate  lithium  concentration  increased  to  a maximum 
of  3,065  mg/1  after  seven  days  (2805  ml  ) . From  the  seventh  day  to  the 
41st  day  the  lithium  concentration  decreased  to  66.7  mg/1  at  41  days 
(7035  ml  ) . 

Control  leachate  had  a maximum  lithium  concentration  of  3.45  mg/1 
on  the  16th  day  although  the  average  lithium  concentration  was  0.9  mg/1. 

It  is  becai:ise  the  control  lithium  concentration  was  relatively  low  that 
values  were  not  subtracted  from  test  column  lithium  values,  (i.e.  natiorally 
accurring  lithium  ions  in  the  soil  do  not  contribute  significantly  to 
overcill  lithium  concentration  of  test  columns) . 

Cyanide 

Cyanide  concentration  of  leachate  from  discharged  cell  reached  a maximum 
of  39.0  mg/1  after  ten  days  (2220  mis) , and  decreased  consistently  to  0.59 
mg/1  at  28  days  (5680  ml) . 
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Live  cell  leachate  cyanide  concentration  reached  a raxirnum  of 
1.40  ing/1  after  six  days  (2305  ml) , and  decreased  to  less  than  0.025  mg/1 
at  41  days  (7035  ml) . 

Note  vAien  making  visxial  comparisons  between  live  and  spent  cell 
leachate  as  plotted  on  Figures  2.4-20  and  2.4-21,  that  cyanide  concentration 
scales  are  not  the  same. 

The  maximum  value  of  cyanide  obtained  from  control  colum  lecichate 
was  2.14  mg/1  on  the  eleventh  day  (2275  mis) ; the  overall  average  value 
was  0.044  mg/1  cyanide.  (Again,  cyanide  concentrations  of  control  leach- 
ate were  not  subtracted  fron  test  results.) 

Mattapeake  and  Hagerstown  Results 

At  the  time  of  this  report  the  following  volumes  had  been  leached 
from  Mattapeake  and  Hagerstown  columns. 

Hagerstown  Mattapeake 

Live  Discharged  Control  Live  Discharged  Control 

1435  ml  1250  ml  5650  ml  575  ml  885  ml  2420  ml 

Since  actiial  battery  component  break  thxough  occurred  after  2020  mis 
and  2305  mis  of  leachate  frtsn  Lakeland  spent  and  live  cell  columns,  no 
canparisons  between  soil  type  characteristics  could  be  made  at  this  time. 

Nor  can  cotcarisons  be  made  until  equivalent  volumes  of  leachate  are  obtained 
from  Mattapeake  and  Lakeland  columns.  (Although  chemical  migration  through 
soil  is  not  limited  by  water  flow  through  that  soil,  but  rather  a function 
of  chemical  species  involved) . ^ A situation  worth  noting  is  that  the  presence 
of  lithium  cells  and/or  cell  carponents  in  Mattapeake  or  Hagerstown  soil  types 
inhibits  flow  through  those  soil  types,  evident  when  carparing  cell  coluim 
flew  with  control  column  flow. 

Versar  recenrends  continuing  the  column  tests  to  identify  the 
chesrdcal  characteristics  of  the  leachate  passing  through  tha  Hagerstown  and 
Mattapeake  soils.  As  an  ultimate  step,  soils  could  be  excavated  fron  the 
columns  containing  the  cells  and  analysed  for  their  cyanide  concentrations. 
This  step  would  be  necessary  to  quantify  the  amount  of  cyanide  uptake  if 
breakthrough  of  the  cell  corponents  in  tha  leachate  did  not  occur. 
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The  pH  values  for  spent  cell  colmnn  leachate  were  consistently  in 
the  ran^e  of  6 • 2 to  7.5  ccikipared  to  pH  values  of  live  ceil  column  leachate 
vhich  remained  alkaline  (10-12)  after  seven  days  (2805  ml  ) . 

Conductivity 

Conductivity  of  the  spent  cell  leachate  peaked  twice;  the  first 
peak  was  12,050  umhos/cm  at  seven  days  (1820  ml)  - the  second  peak  was 
10,600  pmhos/cm  at  19  days  (3575). 

The  conductivity  of  live  cell  leachate  reached  a maximum  of  22,000 
umhos/cmi  after  Sevan  days  (2805  ml) . 

It  is  reasonable  to  conclude  that  the  obser/ed  ccncuctivitv  in- 
creases in  both  live  and  spent  cell  leachate  are  due  to  the  oresence  of 
cell  constituents  in  the  soil  col'jmns. 

Sulfite 

The  maxtmum  sulfite  concentration  of  the  spent  cell  leachate  (39  mg/1) 
'-»ras  27  times  greater  tnan  the  maxt-tim  obtained  frcm  live  cell  leaahate 
(1.4  mg/1).  Upon  ocrparison  -with  control  column  leac.hate  sulfite  con- 
centration, It  is  apparent  that  litnium  cell  constituents  release 
sulfites  to  surroundur.c  envirorjtents  and  tnat  lakeland  Sandy  Loam  does 
.not  eftecti’.'ely  contair-  :_Lfite.  This  is  not  to  say  that  siilfite  is 
or  is  not  absorbed  cy  Laxeiarxj  iandy  Learn) . 


Lithium 

Lithium  concentration  of  discharged  cell  column  leachate,  reachied  a 
maximjm  value  of  1,999  mg/1  at  ten  days  (2200  ml  ) cempared  to  a maximum 
of  3,035  mg/1  after  se'/en  days  (2,305  ml)  for  live  cell  column  leachate. 

Cyanide 


Lithium  concentration  of  discharged  cell  column  leachate  reachad  a 
maxinvim  of  39  mg/1  after  ten  days  (2220  ml)  which  is  28  times  greater 
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than  the  nraxi-Tixi  of  L.4  mg/1  ac  six  days  C2305  ml)  for  live  cell 
column  leachate. 

The  amount  of  cyanide  which  passed  through  the  discharged 
cell  oolann  was  52.33  mg. 

4.  Conclusions 

The  laboratory  tests  illustrate  specific  chenical  arjd  physical 
ef sects  v4?o.ch  could  result  in  serious  envircnrn^.tal  ccnsecuencas , and 
as  such,  may  limit  the  battery  disposal  options. 


As  discussed  above,  Versar  reccmrends  that  additional  cell  testing 
be  done  and  that  cx>lumn  leachate  testing  be  continued.  Additional  cells 
need  to  be  analyzed  to  provide  an  adequate  data  base  for  statistical 
review.  The  column  testing  needs  to  be  continued  to  assess  the  sorption 
of  cyanide  by  silt  and  clay  type  soils. 

Chenical  Effects 


The  most  significant  result  of  thje  laboratory  testing  was  the 
detection  of  cyanide  present  in  solutions  of  distilled  water  exposed  to 
one  or  t>o  calls.  Solutions  from  discharged  calls  contained  cyanide  in 
ccncentraticns  ranging  from  II  mg/l  to  43  mg/1,  higher  than  the  range  fcr 
lj.T/e  cell  solutions,  which  were  less  than  1.5  mg/1.  Cyanide  ccncentraticns 
in  solutions  which  were  allcwed  to  stand  for  two  weeks  were  lower 


(<  3.9  mg/1) , possibly  because  of  volatilization  of  hydrogen  cyanide 
(HTI)  . 


Lithium  ccncentratiorjs  in  Phase  I ranged  from  2S0  mg/1  to  1,07G 
mg/1.  The  upper  value  represents  a ocncancraticn  that  -.lould  res-ult  from 
concLete  disscluticn  of  the  lithium  in  one  cell.  In  Phase  III,  lithium 
concentraoicns  were  higher  in  the  Live  battery  leachate  than  in  the  dead 
battery  leachate  reflecoing  the  chance  of  lithium  in  the  ceil  during 
discharge  to  a less  soluble  form. 


The  soluticr.s  shewed  no  uniform  trend  in  pK.  In  Phase  I,  two  of 
hhe  discharged  call  and  one  cf  the  live  cell  solutiens  had  an  initially 
high  pK  (bet^Teen  11  and  12),  which  decreased  to  betwesi  8.3  and.  10.6. 
The  ether  live  cell  had  an  initial  pK  of  6.4  and  gradually  increased  to 
pE  10.5.  Phase  III  data  contrasted  'with  Phase  I data  as  tha  pH  fcr  the 
live  cell  solution  was  much  higher  (between  10  ara  12)  than  the  pH  of 
the  discharged  cell  betwes'.  6.0  arjf  7.5)  . 
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During  cutting  of  the  cell,  a strong  irritating,  pungent  odor 
enianated  fron  the  battery.  This  odor  was  believed  to  be  sulfur  Hir.xidg> 

(SO2).  Although  no  measvirements  were  taken,  the  fumes  were  highly 
irritating . 

Physical  Effects  | 

One  of  the  most  important  physical  effects  observed  was  the  violent  | 

flaming  of  the  opened  cells  when  contacted  by  water  or  soil.  Several  of  j 

the  glass  columns  used  in  Phase  III  were  pociced  by  the  heat  released  by 
reaction  of  the  open  cells  and  water.  This  violent  reaction  could  cause 
problems  during  cell  disposal. 

Another  physical  effect  pertinent  to  disposal  is  the  decrease  in 
permeability  caused  by  percolation  of  the  cell  solutions  through  the  'tight'  -• 

soils  (Mattapeake  silty  loam,  Hagerstown  silty  clay  loamL  used  in  Phase  IIX. 

The  flow  of  leachate  through  columns  of  both  live  and  discharged  cells  in 
both  of  the  tnese  soils  w’as  rediiued  to  about  30  percent  of  that  in  tie 
control  columns  of  stmilar  soils.  In  these  soils  and  urjder  field 
conditions  chemical  difrusion  of  contaiciinants  nay  be  more  iirportant 
than  physical  dispersion  of  the  contaminants  in  controlling  the  distribution 
and  mobility  of  soluble  materials . ^ 

In  the  experimental  columns  of  lakeland  sandy  loam  in  Phase  III,  ? 

there  was  a noticeable  change  in  color  of  the  leachate  as  compared  to  j 

the  leachate  in  tine  control  column.  The  leachate  from  the  control  was  j 

light  brcwn  and  appeared  to  be  of  normal  viscosity,  whereas  tha  leachate  j 

rrcm  ooth  the  live  and  discharged  cell  solutions  was  dark  brown  to  black  ] 

i 

and  aooeared  more  visootis  than  water  from  the  control  solution.  i 


57 


59 


•dnUWJS  HT»H  SAVa 
JD  JCTlWntJ  = (X) 


. -UL 


.'RECC^MilI}ATIC!NS  FOR  DISPOSAL 
A.  Sun\:ary  of  Conclusions 


Lithium  - acetonitrile  - SCa  cells  can  release  high  levels  of 
cyanide  ^^len  the  components  of  the  cell  are  exposed  to  the  environment.  Phase 
1 lab  results  show  that  an  average  discharged  cell  releases  approximately 
160  mg  of  cyanide.  The  average  fatal  dose  for  humans  is  between  50  and  60 
mg."*  The  cyanide  apparently  resxiLts  fron  a chemical  reaction  between  lithium 
and  acetonitrile  in  the  discharged  cell  in  the  absence  of  SO2.  A ccntrol  with 
acetonitrile  in  the  same  concentration  as  that  in  the  test  shewed  a one 
percer.t  cyanide  dissociation.  Lab  resvilts  indicate  that  live  cells  (non- 
discharged)  release  much  smaller  quantities  of  cyanide. 

In  addition  to  cyanide,  which  is  the  most  toxic  of  dispesed  cell 
conszituents , sulfur  dioxide  and  lithi’cm  also  exert  toxic  effects  on  plants 
and  animals. 

The  cells  also  have  h.azardcus  creperzies  in  tcaz  they  ii^y  flame  whei 
opened.  Because  of  the  possibility  of  igniting  otzer  materials  in  dispcsal 
sites  and  the  potential  for  release  of  dangerous  quantities  of  gaseous 
hydrogen  cyarJ.de,  the  calls  require  isoJaticn  from  other  '/>eszas. 

The  reduction  in  pemeabilit/  of  Lakeland  sandy  loam  (Phase  3) 
indicates  that  disposal  of  the  cells  may  affect  leachate  percolation,  causing 
a reduction  in  flew  of  ground-water  beneath  landfill  dispcsal  sites.  This 
coiiLd  result  in  sorption  of  cyarJ.de  by  silt  and  clay  type  soils  along  with  not 
only  increased  concentration,  but  also  more  long  term  confinement  of  the  leachat 

B.  Disposal  Reconinsndaticns 

Based  upon  the  data  available  at  the  present  time  for  the  toxic  and 
hazcirdous  properties  of  the  cell,  small  quantities  of  cells  should  be  disposed 
of  in  the  sama  manner  as  large  quantities  of  cells.  It  is  our  opinion  at 
this  time  that  the  best  options  sirL table  for  disposal  of  lithium  cells  are: 

(1)  secured  landfills;  and  (2)  disposal  ponds  with  provisions  for  leachate 
control  and  moritoring,  documentation  and  runoff  control. 

Additional  work  regaurriing  further  cell  characterization  and  soil 
sorption  data  for  cyanide  is  necessar/  before  a final  recams-ndation  can 
be  made  regarding  disposal  of  lithium  cells  in  sanitary  or  special  purpose  lane 
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Seoired  larjdfills  are  acceptable  because  these  larjdfills  prcr/ide 


for  proper  geological  placement  of  '.wastes  as  well  as  mcnitoring  wells  and 
leachate  control.  Also,  the  location  of  other  wastes  are  hncwn,  and  the 


secured  landfill  operator  is  equipped  to  handle  potentially  flanrrable 
iraterials . 


Disposal  pends  are  acceptable  if  they  can  provide  protection 
equivalent  to  that  afforded  by  secured  landfills  This  would  include  sore 
rreans  of  preventing  contamination  of  ground  and  surface  water,  such  as 
liners  and  runoff  control.  Leachate  monitoring  arc  control  wculd  also  be 
necessary,  as  liners  often  leak. 


Special  purpose  and  sanitary  landfills,  based  on  trie  data 
available,  appear  unacceptable  at  this  time  because  they  do  not  provide 
leachate  monitoring  and  control,  faowever,  the  results  of  additional 
cell  testing  and  soil  column  leachate  tests  may  modify  thje  acceptability 
for  these  disposal  options. 

Incineration  is  inpractical  due  to  volatilization  of  hydrogen 
cyanide,  sulfur  dioxide  and  lithium  and  limiratiors  as  to  heavy  metaj. 
concentrations.  Also  itiportant  is  the  danger  of  explosion. 

Ocean  dumping  arc  deep  well  injecticn  are  -unacceprable  because 
triese  methods  do  not  control  release  cf  c'/anide.  In  aediouen,  permits 
for  these  activities  are  very  difficult  to  accuira. 

Municipal  sewers  are  'unacceptable  for  dispcsal  cf  fte  soluble 
coTipcnen'ts  cf  Lithium  calls  because  mest  sewege  rrea'crent  plants  do  net 
accept  wastes  which  could  adversely  affect  biological  trea-tment  organisms, 

Recc/ery  and  reuse  has  not  been  shown  to  be  tec-hnclcgicailly  or 
economically  feasible. 
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APPENDIX  A 

Toxicity  of  Selected  Battery 
Components  and  Their  Breakdc'vn 
Products 


The  toxicity  of  acetcra.trile;  hydrogen  cyanide;  lithium  and  its 
compounds;  propylene  carbonate;  arii  sulfur  dioxide  and  sulfurous 
acid  are  discussed  in  the  following  pages.  Appendix  A concludes  with 
a glossary  of  toxicity  terms  and  symbols. 


Acetonitrile 


Acetonitrile:  CH3CM  (ethanenitrile,  methyl  cyanide) . Clear,  colorless 

liquid  at  standa2ni  taiperature  and  pressiare  (STP) . Aromatic  cdor. 

Natural  Occurrence,  Characteristics,  Associated  Compoir'ids 

The  only  known  natural  occurrence  of  acetonitrile  is  in  coal  tar, 
and  only  in  small  amounts. 

In  water,  the  dissociation  of  acetonitrile  into  methyl  and  cyanide 
ions  is  not  appreciable.  Aqueous  acetonitrile  is  slowly  degraded  by 
biological  and  chanical  action  to  release  cyanides.  Potentially  persistent 
cyanides  resulting  from  bio-  and  chemo-degradation  is  the  iiain  environ- 
mental problem  associated  with  acetonitrile.^ 

Although  relatively  non- toxic,  acetonitrile  is  extremely  flanmafale, 
and  releases  toxic  combustion  products.  It  is  possible  that  acetonitrile 
in  the  lithium  battery  could  be  ignited  by  the  energy  given  off  by  the 
reaction  betsveen  metallic  Li  and  H2O, 

A related  conpound,  the  insecticide  methoiyl,  is  rapidly  and  almost 
conpletely  degraded  into  carton  dioxide  and  acetonitrile  by  plants  (com, 
tobacco  and  cabbage)  and  rats.  MethcriYl  fed.  to  dogs  and  rats  had  no 
effect  in  doses  up  to  100  ppm.  ^ 

Physico-Chemical  Properties:  Ilolecular  wt.  41.05:  melting  point  - 

45. 7 °C:  boiling  point  81.6*1::  density  786@20°C:  vap. press.  100  ram 
H^27'K::  soluble  in  all  proportions  in  HzO,  Flash  point:  12.8°C: 
lower  flanmability  limit:  4.4%:  upper  flaimability  limit:  16%: 
lower  explosive  limit:  3.05%:  upper  explosive  limit:  17%. 


Ttoxic  Properties,  Health  Effects 


Acetonitrile  exerts  toxic  effects  only  when  administered  in  very  high  dosages. 
Toxicity  data  are  given  below. 

a.  Mammals 


Aniital 

Route 

Parameter 

Dosage 

Rat 

Oral 

LD5  0 

3,800  mgAg^ 

Rat  (young) 

Oral 

IC50 

200  mg/kg^ 

Rat 

Oral 

LD50 

2,460  mg/kg“ 

Guinea  pig 

Oral 

IDso 

180-450  mgAg^ 

Rat 

Inhalation 

IiCLo-4  hrs. 

8,000  pem^ 

Rat 

Inhalation 

HDio 

4,000 

Rar 

Inhalation 

LD33 

8,000  ppm'* 

Rat 

Inhalation 

LD57 

32,000  ppm'* 

Rabbit 

Skin 

ID  5 0-14  days 

4,000  mgAg“ 

Rabbit 

Skin 

ID50 

5,000  mgAg^ 

Rabbit 

Sub-cutaneoi:is 

MID 

130  mgAg^ 

Mouse 

Sub-cutaneous 

MID 

600  mgAg“ 

Mouse 

Sub-cutaneous 

MID 

700  mgAg° 

Rat 

Sub-cutaneous 

ID 

500-3900  ragAg' 

Rabbit 

Sub-cutaneous 

MID 

105  mgAg® 

Rabbit 

Sub-cutaneous 

MID 

130  mgAg® 

Monkey 

Sub-cutaneous 

ID 

720-800  mgAg® 

Mouse 

Sub-cutaneous 

IDLo 

700  mgAg' 

Rabbit 

Sub-cutaneous 

IDso 

1.25  mlAg** 

Rabbit 

Sub-cutaneotis 

LDso 

0.50  mlAa 

(75%CH3CN£tK20) 

Mouse 

Interperi toneal 

ID50 

1,920  mgAg^ 

Cases  of  human  death  after  long  exposure  to  high  concentrations  of 
acetonitrile  have  been  reported.  Hann  and  Joisen  reported  that  the  human 
toxicity  of  acetcaiitrile  is  sligiit  with  ID50  between  500  and  5,000  mg/kg.  ^ 

b)  Fish 

Animal 

Parameter  Cone. 

(mg/1)  Exposure  (hrs.) 

Hardness 

Fathead  minncw 

Urn  1,150 

24 

Kard^ 

Fathead  nunnow 

Tim  1,050 

48 

Hard^ 

Fathead  minnow 

Urn  1,000 

96 

Hard^ 

Fathead  minnow 

Urn  1,050 

24 

Soft^ 

Fathead  minnow 

TLm  1,000 

48 

Soft^ 

Fathead  minncw 

TLm  1,000 

96 

Soft" 
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b.  Fish  (continued) 


Animal 

Parameter 

Cone,  r 

ng/1)  Exposure  (hrs.) 

Hardness 

Sunfish 

Tim 

1,850 

24,48,  and  96 

Soft^ 

Guppy 

Tim 

1,650 

24,48,  and  96 

Soft^ 

Bullhead  minnow 

Hm 

1,000 

4 days 

Hard  or  Soft 

Bluegill  Sunfish  Urn 

1,850 

4 days 

Soft® 

Using  the  criteria  listed  in  the  'Registry  of  Toxic  Effects  of 


ChaniccLl  Substances,  ^ 

life. 

c.  Birds 

acetonitrile  is  an 

insignificant  hazard  to  aquatic 

Animal 

Route 

Parameter 

Dosage 

Pigeon 

d.  Amphibians 

Im 

UD 

4 , 000  mg/kg  ® 

Animal 

Route 

Parameter 

Dosage 

Frog 

scu 

mld 

9,100  rag/kg  * 

Acetcnitrile  exhibits  toxic  properties  when  introduced  by  eye  contact, 
inhalation,  ingestion,  or  skin  penetration  or  irritation.  Physiological 
effects  of  acetonitrile  toxificaticn  are  apparently  due  to  catabolism  into 
cyanide  and  hydrocyanic  acid  and  include  the  following: 

1 3 

Rats:  - Purkinje  cells  show  pyknosis  and  cytoplasmic  hyperchronatophilia. 

- Degenerative  changes  in  the  testes  and  kidneys. 

- Qironic  infectious  alterations. 

- Concentration  of  HCN  in  heart,  brain,  kidney,  spleen,  skin. 

- Severe  dyspnea. 

- Cyanosis. 

- Accumulation  of  acetonitrile  in  kidney,  liver,  intestine, 
muscle,  testis,  heart,  and  stomach. 

- Anuria. 

- Diarrhiea. 

- Lung  ar.d  brain  henorrhaging. 

- Paralysis  of  the  extremities. 

- Diminution  of  growth  (in  subacute  doses) . 
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Hunans:  ^ ^ - Acute-headache , dizziness,  increased  respiration,  rapid 

^ pulse,  nausea,  voniting,  unconsciousness,  convulsions, 

epigastric  pains,  emesis,  cona,  hypertension,  hyperazotemia , 
hyperglycania,  albuminuria,  increased  lactate  dehydrogenose  ^ 

level,  absence  of  alkaline  phosphatase  in  the  cerebrospinal 
f fluid,  and  death. 

Chronic  exposinre-headache , anorexia,  dizziness,  weakness, 
and  dermatitis. 

Pigs:  Acetronitrile  administered  to  pregnant  sews  did  not  cause 

teratogenic  effects . ^ ^ j 

Regulatory  Actions,  Standards,  Criteria,  Recognition,  Candidate  Status  for  | 

Specific  Regulation  j 

The  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH)  | 

has  recarmended  a tolerance  limit  value  (TLV)  of  40  ppm  acetonitrile  in  air  | 

(about  70  mg/m^) According  to  Sax,  the  handling  of  acetonitrile  is  regu-  | 

lated  by  the  Coast  Guard,  the  Ciepartment  of  Transportation,  and  the  International  ; 

Air  Transport  Association. | 
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Cyanide,  Hydrogen  Cyanide 

Cyauiide:  The  functional  group  - C=N.  It  occurs  as  a solid  when  in  the  form 

of  a salt  or  as  an  aqueous  ion  when  dissolved.  Dissolved  cyanide  is  colorless 
and  odorless. 

Hydrogen  cyanide  (prussic  acid,  hydrocyanic  acid;  formonitrile) : HCN.  Liquid 

with  faint  bitter  alnond  odor. 

Natural  Cccurraice,  Characteristics,  and  Associated  Compounds 

Cyanide  is  produced  in  minute  quantities  by  some  plants.  It  is  widely 
used  in  industry  primarily  as  sodium  cyanide  (NaCN)  or  hydrocyanic  acid 
(HCN) . Cyanides  in  various  compounds  are  used  in  electroplating,  steel 
plants,  chsnical  plants,  photographic  processing,  textile  dying,  ore  pro- 
cessing, and  insecticides.  Of  all  the  cyanides,  hydrogen  cyanide  (HCN)  is 
probably  the  rtost  acutely  lethal  corrpound.  HCN  dissociates  in  warer  to 
hydrogen  ions  and  cyanide  ions  in  a pH  dependent  reaction.  The  cyanide 
ion  is  less  acutely  lethal  than  HOI.  The  relationship  of  pK  to  HOI  shows 
that  as  the  pH  is  lowered  to  belcw  7 less  than  1%  of  the  cyanide  mtlecules 

are  in  the  form  of  the  ON  ion  and  the  rest  are  present  as  HCN.  When 
the  pH  is  increased  to  8,  9,  and  10,  the  percentage  of  cyanide  present  as 
CN  ion  is  6.7,  42,  and  37%,  respectively. 

Physico-Chemical  Properties 

HCN:  Molecular  weight  27.04:  melting  point  - 13.24°C:  boiling  point  25.7°C: 

vapor  pressure  360  nm  Hg  at  7®C:  flash  point  18 °C:  autoignition  point  37 °C: 

Icwer  explosive  limit  6%,  upper  explosive  limit  41%;  lower  flanmability 
limit  6.0%.  HCN  is  soluble  in  all  proportions  in  water,  alochrd,  and  ether. 

It  forms  a wecOtLy  acidic  solution  and  may  react  with  water,  steam,  acid, 
or  acid  fumes  to  produce  highly  toxic  f'umes  of  cyanide.  Treatment  with 
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caustic  or  hypochlorite  converts  cyanide  to  less  toxic  cyanates,  but 
excessive  application  of  treating  agents  can  cause  a nev  hazard.  In 
addition,  lime  can  be  a^:plied  to  help  sxjppress  evolution  of  KCN  gas,  and 
ferric  (Fe  ) salts  may  be  added  to  precipitate  the  cyanide. ^ 

In  concentrated  form,  ICN  polymerizes  violently  and  spontaneously 
unless  pure  or  stabilized. 

Toxic  Prooerties  and  Health  Effects 


V 


a.  Mamials 


Compound 

Animal 

Route 

Parameter 

Dosage 

CN 

Mouse 

Interperitoneal 

1^50 

3mg/kg^ 

HCI 

Human 

Oral 

LDLo 

0.57  mgA<5^ 

HCN 

Human 

Inhalation 

LCLo 

5000  mg/m^ 

HCN 

Human 

Inhalation 

120  mg/m^-  1 hr.‘ 

HCM 

Human 

Inhalation 

liC 

200-480ppm  - 30  min. 

HCM 

Pat 

Inhalation 

IC5  0 

544  ppn  - 5 min. ^ 

tlCN 

Mouse 

Inhalation 

UCso 

169  ppm  - 30  min.  ^ 

HCM 

Mouse 

Oral 

LDs  0 

3.2  mgAg' 

HCM 

Mouse 

Interperitoneal 

U3sa 

2.99  mgAg^ 

HCM 

Mouse 

Sub-cutaneous 

IDLo 

3 mg/kg' 

HCM 

Mouse 

Intravenous 

1.1  mgAg~ 

HCM 

Mouse 

Intramuscular 

U350 

2.1  mgAg* 

HCM 

Cog 

Oral 

LDLo 

4 mgAg^ 

HCM 

Dog 

Inhalation 

LC.-o 

300  ppm  - 3 min.  ^ 

HOI 

Dog 

Sub-cutaneous 

LDLo 

1.7 

HCM 

Cat 

Oral 

IDLo 

2 mgAg^ 

HCM 

Cat 

Inhalation 

LCXiq 

2500  mg/m^  “ 

HCM 

Cat 

Sub-cutaneous 

LDLo 

1.1  mgAg^ 

HCM 

Rabbit 

Inhalation 

LCLo 

600  iTc/m‘-2  min.* 

HCM 

Rabbit 

Interperitoneal 

IDso 

1.57  mgAg' 

HCM 

Rabbit 

Sub-cutaneous 

IDso 

2.5  mgAg‘ 

HCI 

Rabbit 

Sub-cutaneous 

ID 

1.1-3  mgAg' 

HCM 

Rabbit 

Intravenous 

IDso 

820  mgAg“ 

HCI 

Rabbit 

Intramuscular 

IDso 

1.1  mgAg“ 

HCI 

Guinea  Pig 

Sub-cutaneous 

IDLo 

0.1  mgAg‘ 
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The  high  toxicity  of  hydrocyanic  acid  ard  the  cyanides  is  due  to  their 
interference  with  the  enzymes  associated  with  cellular  oxidation. ^ Oxygen 
can  no  longer  be  made  available  to  the  tissues,  and  death  occurs  through 
asphyxiation.  On  removal  of  cyanide  from  the  tissues,  normal  function  is 
restored  provided  that  death,  has  not  already  occurred. ^ In  the  body,  tha  CN 

ion,  exceot  for  a relatively  small  portion  exhaled,  is  rapidly  changed  into  a 
relatively  non- toxic  coiplex  (thiocyanate)  in  the  liver  and  eliminated  in 
the  urine.  There  is  no  evidence  that  cyanide  or  HTJ  is  biologically 
accumulated. 

The  average  fatal  dose  of  HTN  in  humans  is  between  50  and  60  mg,  and 
the  limit  for  safe  ingestion  is  estimated  at  18  mg/day.  Chronic  exposure 
to  manuals,  as  with  all  other  animals,  may  produce  fatigue  and  weakness. 

In  acute  cases,  death  is  very  quick;  in  less  acute  cases,  symptcms  are 
headache,  dizziness,  confusion,  vertigo,  a feeling  of  suffocation,  and 
nausea. ^ 

b.  Fish* 


Compound 

Animal 

Parameter 

Cone,  (mg/1) 

Exposure 

KCM 

Rainbcw  Trout 

0.07 

24 

HCN 

Fish 

Lethal 

0.21 

Young  bass 

m 

0.16 

72 

HCN 

Largannuth  bass 

Lethal 

0.06 

24 

HCN 

VJhite  crappie 

Lethal 

0.05-0.07 

<24 

Sunfish 

Lethal 

0.6 

<24 

HCN 

Bluegill 

TL 

m 

0.16 

72 

HCI 

Bluegill 

TLu  Q 

0.155 

72 

HCN 

Bluegill 

Lethal 

0.01-0.06 

<24 

*A11  data  ta.ken  from  reference  1. 


b.  Fish*  (continued) 


Canpound 

Animal 

Parameter 

Cone,  (mg/1) 

Exposure 

(hrs) 

HCN 

Bluegill 

TL 

m 

0.18 

96 

(fish  w 
acclim 

HCN 

Guppy 

TL 

m 

0.42 

20 

HCN 

Guppy 

TL 

m 

0.28 

30 

KCN 

Guppy 

TL 

m 

0.26 

43 

CN 

Pin  Perch 

0.069 

24 

Cyanide  is  rated  as  highly  toxic  to  aquatic  life.^  The  chronic  aquatic 
toxicity  limit  for  CM  and  UCN  is  0.05  mg/1.  The  toxicity  of  cyanides  is 
also  increased  by  increases  in  tenperature  and  reductions  in  oxygen  tensions. 
A tanperature  rise  of  10°C  produced  a two  to  threefold  increase  in  the  rate 
of  the  lethal  action  of  cyanide. 


1 
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and  Marine 

Invertebrates,  Bacteria, 

and  Protozoa* 

Compound 

Animal 

Parameter 

Cone,  (mg/1) 

Ei<posure 

KCN 

Snail 

TL 

m 

0.432 

96 

KCN 

Prawn 

HTso 

0.25 

48 

KCN 

Cockle 

UTso 

> 25 

48 

WCN 

Crab 

h=50 

> 5 

48 

CN~ 

Activated 

'Bugs' 

Sludge 

Inhibition 

4 

cn“ 

Amo^sa 

Lethal 

5 X 10“^ 

♦All  •data  taken  frctn  reference  1. 
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d.  Plants 

Catipound 

Plant 

Parameter 

Cone  (mg/1) 

CM~ 

Eurasion  watermilfoil 

ILso  - root  weight 

22.4  ' 

cf 

Eurasion  watermilfoil 

ILso  - steam  weight 

20  ^ 

CN~ 

Eurasion  watermilfoil 

ILso  - root  length 

28.6  * 

of 

Eurasion  watermilfoil 

ILso  - stem  length 

27.3  ^ 

The  paraiteter  ILso  refers  to  inhibition  level,  and  is  the  concentration 
which  causes  a 50?  reduction  in  the  selected  component.  T.hese  are  not 
lethal  dosages.  It  should  be  noted  that  watermilfoil  is  a pollution  tol- 
erant plant  that  has  congested  some  heavily  polluted  waterways  (e.g.,  the 
Potomac  River  in  the  1950 's) . It  is  likely  that  ILso  values  for  many  other 
plants  would  be  less  than  these  reported  for  watermilfoil. 

Regulatory  Actions,  Standards,  Criteria,  Recognition,  Cardidate,  Status 
for  Specific  Regulation 

The  reccmnended  limit  for  cyanide  conce.ntration  in  drinj^-,g  v^ter 
is  0.2  mg/1. ^ 

The  I.C.C.  classified  HCN  as  a Class  A poison.  There  are  numerous 
rastrrcticns  on  the  transportation  and  hiandlinc. 


Cyanide  References 


1.  U.S.  EPA.  1976.  Oil  arid  Hazardous  Materials  - Technical  Assistance 

Data  System:  Printout  on  Hydrogen  Cyanide.  Viashington,  D.C. 

2.  Christensen,  H.E. , T.T.  Luginbyhl  (eds.),  1975.  Registr-/  of  Toxic 

Effects  of  Chemical  Substances.  NIOSH.  Rockville,  Md. 

3.  Sax,  N.I.  1968.  Dangerous  Properties  of  Industrial  Materials.  Van 
^fostrand  Reinhold  & Co. , Nsv  York, 
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Lithium  and  its  CcriDounds 


Lithium  metal  - Li  - soft,  silverish  metal  with  body-centered  cubic  crystals. 

Lithium  bronide  - LiBr  - white,  cubic,  deliquescent  crystals  or  white  to 
pinkish  white  granuilar  pcwder. 

Lithium  hydroxide  - LiOH  - colorless  tetrahedral  crystals. 

Lithium  dithionite  - LiaSaOi,  - analogous  to  Nj  S,  Q,  v^ch  is  li^t  lemon- 

colored  solid  in  pavder  or  flake  form  or  white  to  grayish-'/diite  crystal- 
line powder. 

Narural  Occurrence,  Characteristics , Associated-  Ccnpounds 

Lithium  is  widely  distributed  in  snail  quantities  throughout  the 
earth's  crust.  ^ Reported  background  levels  of  lithium  in  mineral-rich  soils 
range  from  8 to  400  ppm.^  Ivanov^ and  Ivanov  and  l4uratova^  analyzed 
lithium  content  in  soils  and  found  that  more  than  90  percent  of  all  sanples 
analyzed  were  in  the  10  to  50  ppm  range.  Lithium  is  not  known  to  be  an 
essential  plant  nutrient. ^ 

The  major  lithium  ccmpoionds  from  the  Li/organic  electrolyte/SOa  battery 
are  LiCH  (formed  when  Li  metal  ccmbines  with  water) , LiBr  and  Li2S204. 

Since  metallic  lithium  reacts  quickly  with  water  and  aqueous  ligands  to  form 
ccmpoinds,  Versar  concl'udss  that  toxicity  fron  metallic  lithium  in  the 
lithiuiVorganic  electrolyte/S02  battery  does  not  represent  an  environmental 
hazard.  The  ensuing  discussion  of  toxicity  will  therefore  be  concerned  with 
lithium  ccmpounds. 

Physico-Chemical  Properties 

Li  - atomic  weight  6.94  gm:  iTElting  point  179°C;  boiling  point,  1,317'’C; 
density  0.535  3 20°C.  In  noist  air  at  roan  temperature,  Li  reacts 
exothermically  with  water  vapor  or  nitrogen.®  Li  decarposes  on  con- 
tact with  water  or  acids. 


LiBr  - molecular  86.85:  melting  point  547°C:  boiling  point,  1,265®C: 

density  3.46  !§  25°C.  LiBr  is  very  soluble  in  water  and  greatly  de- 
creases vapor  pressure  over  its  solutions.®  LiBr  in  hot  concentrated 
solution  dissolves  cellulose.® 

LiCH  - molecular  weight  23.95;  melting  point  450 °C:  boiling  point  - decan- 
poses  at  950°C:  density  1.46.  LiCH  is  formed  when  metallic  Li  is  ex- 
posed to  water.  LiOH  is  slightly  soluble  in  water  (12.8  giVlOO  ml  @ 
20°C) . 

Li2S20^  - molecular  weight  135.06.  Li2S204  is  soluble  in  cold  water  and 

decanposes  in  hot  water.  It  has  a high  chsnical  oxygen  demand  and  is 
readily  oxidized. 

Toxic  Properties,  Health  Effects 

Tte  following  quote  appears  in  Industrial  Hygiene  and  Toxicology, 

Vol.  II:' 

"Id  can  be  relatively  toxic  to  man  and  animals,  a fact  often 
unappreciated  because  its  toxicity,  dependent  upon  accimulation , 
is  determined  not  only  by  the  amount  of  Li  given  but  on  the 
amount  of  Na  intake;  tie  lower  the  Ha  intake,  the  more  toxic  is 
Li.  Accordingly,  statarents  on  toxicity  of  Li  are  uninterpre- 
table unless  accompanied  by  statements  on  the  Na  intake." 

Unfortunately,  most  of  the  toxicity  studies  done  on  lithium  do  not  in- 
clude statements  on  Na"*"  intake. 

Little  work  has  been  dene  on  the  tcxiciti'  of  LiBr,  LiOH  and  Li2S20^. 
Toxicity  data  for  these  cempeunds,  NaOH,  ivhich  is  analogous  to  LiCH,  and 
LiCl  and  NaBr,  analogs  of  LiBr,  are  presented  below. 


a)  Mammals 


Cotipound 

Animal 

Route 

Parameter 

Dosage 

LiCl 

Dogs 

Oral  or  sub-cutaneous 

LDi  0 0 

60  mg/kg/day’ 

UCl 

Cats 

Oral  or  sub-cutaneous 

LDi  0 0 

60  mg/kg/day^ 

LiCl 

Rat 

Oral 

LDso 

757  mg/kg® 

LiCl 

Rabbit 

Oral 

ID9  0 

850  wq/hvf 

UCl 

^i^use 

Interperitoneal 

LD50 

1,100  rog/kg^ 

UCl 

Mo  vise 

Intarperitoneal 

LDso 

604  wg/kcf 

UCl 

Rat 

Parenteral 

HDLo 

1,062  rag/kg  pr 
(teratogenic  a 
toxic  effects 

UCl 

Mouse 

scu 

LDLo 

480  mg/kg^ 

NaBr 

Rat 

Oral 

LDso 

3,500  mg/kg® 

NaBr 

-'■touse 

scu 

IDs  0 

5,020  mg/kg^ 

NaBr 

Rabbit 

Oral 

LDLo 

580  mg/kg^ 

NaOH 

Rabbit 

Oral 

LDLo 

500  mg/kg^ 

NaOH 

’'Souse 

Interperitoneal 

IDs  0 

40  mg/kg^ 

Samilov^  ° studied  the  ccmparative  tcxicitiss  of  six  lithium  salts  and 
found  that  ttieir  toxicities  v<-ere  similar  whether  administered  orally  or 
through  the  skin.  To  mice,  the  order  of  toxicity  fran  most  toxic  to  least 
toxic  was  LizCDa , LiCl,  LiaSOu,  LiBenzoate,  Li  Lactate,  and  LiBr. 

In  maitnnals,  Li  primarily  affects  renal  and  gastrointestinal  function 
due  to  disturbed  blood  electrolyte  balance.  Syirctoms  of  Li  poisoning  re- 
lated to  the  kidney  are  anorexia,  extreme  weight  loss,  general  weakness  an 
fatigue,  dehydration,  thirst,  and  in  animals  other  than  man,  reduced  body 
temperature . ’’  Gastrointenstinal  disorders  resulting  from  lithium  tcxici  t}' 
are  salivation,  nausea,  vcmiting,  and  diarrhea.^  Lithium  may  also  cause 
the  following  ner'^ous  system  disorders:  fine  tremor  of  hands,  sometimes 

lips  and  jaws;  more  severe  poisoning  may  cause  muscular  wea]<ness,  ataxia, 
positive  Romberg  sign,  giddiness , tinnit_s,  drowsiness,  slurred  speech,  ar 
blurred  vision;  in  more  advanced  cases,  hyperactive  deep  reflexes,  muscula 
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hyperirritability,  musoilar  f ascicolations ; in  most  se'/ere  cases,  ooma  and 
epileptic  seizures , ^ 

Li  has  more  effect  on  the  central  nervous  system  in  man  than  in  other 
aniirals.  LiBr  has  been  used  as  a hypnotic  and  sedative.  LiCl,  formerly 
used  as  a table  salt  substitute,  and  LizCba  are  used  in  the  managanent  of 
manic  depressive  psychosis . ^ ^ 

In  one  instance,  a manic  depressive  psychotic  attertpted  suicide  by 
ingesting  22.5  gm  of  lithium  carbonate  (4.2  gm  Li"*”) , and  survived,  showing 
only  symptoms  of  gastrointestinal  stress.^"  However,  cases  of  chronic 
lithium  poisoning  from  smaller  amounts  of  lithium  have  been  reported  in 
humans,  and  most  of  these  chronic  cases  shewed  central  nervous  system 
toxicity . 

There  is  a negative  correlation  between  Li  content  in  drinking  water 
and  ischanic  heart  disease.  Blachly^^  suggests  that  the  higher  death  rats 
from  cardiovascular  disease  in  soft-water  areas  may  Be  due  to  a lack  of  Li, 
speculating  that  its  effect  on  catecholarune  metabolisn  may  be  the  bene- 
ficial agent - 

LiCH  is  very  caustic  and  resembles  NaOH  in  effect,  being  very  cor- 
rosive when  contacted  or  ingested.  LiOH  apparently  caused  lesions  of  the 
forepaws  and  nose  in  mice , rats , rabbits  and  guinea  pigs . ’’  It  has  been 
used  to  absorb  CDz  from  air  in  space  capsules,  and  on  one  occasion  an  un- 
intended dispersal  of  the  LiOH  powder  caused  much  irritation  of  the  eyes 
and  respiratory  tract  of  astronauts . ^ 

LiiSzOi*  forms  a slightly  alkaline  bisulfate  solution  in  water.  VJhen 
heated  to  decomposition  LiaSaOi*  emits  toxic  vapors.  In  the  environment, 
LizSaOi,  is  readily  oxidized  to  bisulfite  and  then  bisulfate.  Sodium 
dithionite,  which  is  very  closely  related  to  lithi’um  dithionite,  has  a 
chronic  animal  toxicity  limit  of  1,000  ppm. This  limit  is  due  to  the 
toxicity  of  sodium,  so  apparently  the  dithionite  radical  is  not 
particularly  toxic. 
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b)  Fish 


Conpomd 

Animal 

Parameter  Cone. 

(mg/1)  Exposxore 

LiCl 

Goldfish 

Lethal  3,750 

22  to  27  hrs.“ 

LiCl 

Mature  small 

freshwater 

fish 

Lethal  2,600 

24  hrs.^® 

LiCl 

Freshwater 

fish 

lethal  1,950- 

-3,770  24  hrs.^® 

c)  Freshwater  invertebrates,  protozoa,  and  bacteria 

Oonpound 

Animal 

Parameter 

Cone,  (mq/1)  Exposurs 

LiCl 

E)aphnia  magna 

Iirmobilizaticn 

<7.2^® 

LiCl 

Daphnia  magna 

Poison  threshold 

16  mg/1  48  hrs. 

LiCl 

Scenedesmus  (bact.) 

No  toxic  affect 

1,000  rrg/l“ 

LiCl 

Escherichia  coli 
(bact. ) 

No  toxic  effect 

1,000  ii»g/l^“ 

Lia 

Jttrcroregna 

Food  intake 

66  ng/1*® 

(prot.) 

inhibition 

LiCl 

Water  beetle 

Excitation 

19,500  n^/l^° 

LiCl 

Fly  larvae 

Toxic  effect 

848  mg/1^® 

d)  Plants 

Although  Li  is  not  ]<ncwn  to  be  an  essential  plant  nutrient,  when  very 
dilute  soluticns  of  lithium  salt  are  added  to  lithium  poor  soil,  growth  of 
'Aheat,  barley,  sugar  cane,  yeast,  radishes  and  carnations  is  stirulated. 
Larger  concentrations  of  Li  are  toxic  to  plants.  Voelker^’  found  that  any 
Li  salt  is  toxic  in  amounts  greater  than  30  ppm  and  stimulating  in  amounts 
less  than  20  ppm. 

Plants  which  have  been  reported  to  exhibit  Li  toxicity  are  soybean, 
tomato,  white  mustard,  marijuana,  sunflower,  flax,  vetch,  com,  celery, 
citrus,  olive,  avocado  and  wheat.  As  most  of  the  experiments  cn  Li  toxicity 
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to  plants  \'iere  dene  before  1945,  few  report  LDso  or  other  standard  toxico- 
logical measures. 

Citrus  is  very  susceptible  to  injury  frati  Li  cenpounds  and  iray  indicate 
Li  excess - 

Regulatory  Actions,  Standards,  Criteria,  Recognition,  Candidate  Status 
for  Specific  Regulaticn 

The  ERA  has  proposed  the  following  limits  for  Li+  in  irrigation  water: 
max.  2.5  mg/1,  avg.  0.075  mg/1.^® 

Hibbard  recertitvsnds,  without  references,  a limit  of  5 mg/1  Li+  in  water 
used  for  drinking  or  cooking.^® 
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Propylene  Carbonate 

Propylene  carbonate;  C3HSCO3.  Colorless,  odorless  liquid. 

Natural  Occurrence,  Characteristics,  Associated  Canpounds 

Propylene  carbonate  is  not  known  to  occur  naturally. 

Industrial  uses  include  solvent  extraction,  organic  synthesis,  purifi- 
cation of  natural  gases  and  as  a plasticizer  and  solvent  for  spinnin-"  • 
synthetic  fibers.  It  has  also  been  used  as  a base  for  cosnetfcs. 

Propylene  carbonate  is  a cy’clic  canpound,  with  3 carbon  atoms  and 
2 oxygen  atons  forming  the  ring. 

Physico-Chemical  Properties: 

Molecular  weight  102.09  cm:  melting  point  -49.2°C:  boiling  point  241. T^C: 
refractive  index  1.4209  (?  20°C:  specific  gravity  1.206  gm/ml.  Slightly  soluble 
in  water.  Flainrable  (flash  point  132*^0  . 

Toxic  Properties,  Health  Effects 

A number  of  studies  have  shown  the.t  propylene  carbonate  is  practically 
non-toxic  to  mammals.  Data  on  the  toxicity  of  propylene  carbonate  to 
other  organisms  was  not  available. 

Acute  mammalian  toxicity  data  are  gi^^en  below: 


Animal 

Route 

Parameter 

Dosace 

Mouse 

(albino) 

oral 

IDs  (3 

20.7  gm/kg^ 

Mouse 

sou 

IDs  0 

15.8  mlAg" 

Pat 

scu 

IDs  0 

11.1  mlAg^ 

Rat 

oral 

U3so 

29.1  mlAg^ 

Rabbit 

scu 

IDs  0 

20  mlAg^ 

A-TO 


Subacute  martttialian  toxicity  data  are  given  below. 

1.  Rahhi-t-s  exposed  to  single  doses  of  1 ml/kg  of  undiluted  ccnpound 
applied  directly  to  abdanenal  skin  shewed  no  irritation  after  22  hours . ^ 

2.  Rabbits  receiving  shin  applications  of  1 mlAg,  5 days  per  week, 
for  2 weeks  exhibited  no  signs  of  irritation. ^ 

3.  Guinea  Pigs  exhibited  no  signs  of  skin  sensitization  based  on 
investigations  with  a modified  Landsteiner  technique.^ 

4.  Rahh-j  f-s  exposed  to  .05  ml  of  undiluted  compound  into  eyes  mani- 
fested marked  erythema  of  the  conjinctiva,  vasexiLarizatien  of  the  sclera 
and  edema  of  the  lids  and  nictitating  membrane  over  first  24  hours. 

A diiLl  film  persisted  for  4 days  in  one  case.  All  eyes  cleared  by  the 
7th  day . ^ 

5.  Various  animals  (dogs,  guinea  pigs,  rats)  exposed  a total  of 

15  times  to  an  aerosol  of  propylene  carbonate  over  21  days  (six  hours  per 
day,  5 days  per  week)  shevred  no  significant  signs  of  toxicity  other  than 
rhinorrhea  ant  liarrhea  in  rats.  Cempound  concentration  was  2.8  mg/1.^ 

6.  Rats  fed  diets  containing  1%  and  3%  conpeund  for  13  weeks 
exhibited  no  evidence  of  intoxication. ’ 

7.  Rats  exposed  to  concentrated  vapor  for  8 hours  ail  s\rr/ived.‘* 

8.  Saline  solutions  containing  3.5%,  10.5%,  and  17.5%  of  propylene 
carbonate  injected  in  the  clipped  backs  of  rabbits  caused  increase  of 
basal  cells,  keratinizaticn  and  hyperkeratosis.  Canpared  to  control 
animals,  there  was  no  difference  in  weight  gain,  food  and  water  intake, 
urinalysis,  plasna  analysis,  hanatology  and  weight  of  organs.^ 

In  summary,  propylene  carbonate  is  only  slightly  toxic  to  mammals. 
Its  effects  on  other  organisms  are  not  known. 

Regulatory  Actions,  Standards,  Criteria,  Recognition,  Candidate  Status 
for  Specific  Regulation 

There  are  no  specific  regulations  regarding  discharge  of  propylene 


carbonate . 
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Propylene  Carbonate  References 


^ Jefferson  ChfOTical  Co.,  Inc.  1962.  Propylene  Carbonate  Toxicity  Data. 
Houston,  TX. 

^ Kuramoto,  M. , A.  Kimura,  Y.  Ishimura,  T.  Hamamoto  and  W.J.  Lee.  1972. 
Acute  subcutaneous  toxicity  and  subacute  dermal  toxicity  studies  of 
hexanetriol  and  propylene  carbonate.  Shikoku  Acta  Med.  28  (2)  p.276- 
283. 

Union  Carbide  Corp.  1958.  Ttoxicology  Studies  - Propylene  Carbonate. 
Ind.  Med.  and  Toxicology  Dept.  New  York,  N.Y. 

Patty,  F.A.  (ed)  1963.  Ind.  Hygiene  and  Toxicology.  Interscience 
Publishers,  Mew  York. 
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Sulfur  Dioxide,  Sulfurous  Acid 


Sulfur  dioxide:  SO2  (sulfurous  acid  anhydride,  sulfuroias  oxide) . Colorless 
gas  or  liquid  with  pungent  odor. 

Sulfurous  acid:  H2SO3  (sulfur  dioxide  solution) . Colorless  liquid. 
Suffocating  sulfur  odor. 

Nattiral  Occurence,  Characteristics,  Associated  Compounds 

SO2  occurs  naturally  fran  the  conbusticn  of  organic  materials 
(e.g.  resulting  from  forest  fires) . Since  it  reacts  readily  with  H2O 
to  form  H2SO3  its  occurence  in  nature  is  transient.  SO2  is  an  important 
constituent  of  smog,  resulting  fran  the  combustion  of  fossil  fuels . In 
seme  areas  with  severe  air  pollution  ^ it  has  been  implicated  in  the  trend 
of  increasing  acidity  of  rain. 

SO2  is  extremely  irritating,  and  is  easily  detectable  by  humans  in 
concentrations  as  low  as  3 ppm. 

It  is  used  connercially  as  a fumigant,  insecticide,  and  f'ongicide. 
H2SO3  is  gradually  oxidized  to  sulfuric  acid  in  nature.  The  SOu 
radical  (sulfate)  is  found  in  appreciable  amoimts  in  most  water  and  soil 
systems. 

Physico-Chgnical  Properties: 

SO2:  -Molecular  weight  64.06:  melting  point  -75.5°C: 
boiling  point  -iO.O'^C:  vapor  press\rre  2,538  rtm  3 21.1°C. 

Conbines  with  water  to  form  H2SO3.  Non-flammable. 

H2SO3 : Molecular  weight  32.08:  density  1.03.  When  heated 

to  decomposition,  H2SO3  emits  SO2. 

Toxic  Properties,  Health  Effects 

SO2  and  H2SO3  are  .known  to  have  toxic  effects  on  a variety  of 
organisms. 
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Mairmals 


Scecies 

Compound 

Route 

Parameter  [Dosage 

Hunan 

SO2 

Inh. 

TCLo  4 ppm' 

1 

Rat 

SO2 

Inh. 

LCLo  1,000  ppm' 

1 

Rat 

SO2 

Inh. 

LCioo”  2Cmin.993  ppm' 

1 

Rat 

SO2 

Inh. 

ICioo-5  hr.  611  ppm' 

Mouse 

SO2 

Inh. 

LCioo  20  min. 764  ppm' 

■ 

i 

Guinea  Pig 

SO2 

Inh. 

LCLo-5  min. 5, 000  ppm^ 

Human 

SO2 

Inh. 

TCLo-5  days  3 ppm^ 

Hunan 

SO2 

Inh. 

TDLq-5  mins.  10  ppm^ 

Subacute  effects  of  SO2  on  manitials  include  the  following: 

1.  Hamsters  and  rats  tolerated  50  pm  SO2  for  23  hours/day  for 
up  to  32  days  showing  ciliary  inhibition  and  terporary  loss  of  body 
weight. ^ 

2.  Mice  continuoiasly  exposed  to  40  ppn  SC2  shewed  depressed 
feed  and  water  intake,  body  weight  and  O2  consumption.  Upper  respiratory 
damage  was  caused.** 

3.  Hunan  subjects  exposed  to  113  pm  for  10-30  minutes  showed  J 

increased  piUmonary  flow  resistance.^ 

SO2  harms  marmals  primarily  threveh  contact  with  the  lungs,  although 
it  cilso  is  harmf\il  vAien  in  contact  with  moist  skin.  It  is  not  metabolized  - 
its  effect  is  physico-chemical.  In  contact  with  moist  areas,  it  forms 
sriLfurous  acid  vAiich  physically  damages  tissue,  especially  the  mucosa  in 
the  lung.  SO2  is  not  known  to  have  any  chronic  systanic  effects. 

Sulfurous  acid  is  corrosive  to  skin  due  to  its  highly  acidic  nature. 

It  can  cai:ise  lesions  and  other  damage  on  contact  with  skin. 
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Fish 


Species 

Conpound 

Parameter 

Concentration 

Sunfish 

SO2 

Lethal  - 1 hr. 

16  Ttg/V 

Sunfish 

SO2 

Lethad 

16-19  mg/l‘ 

Trout 

SO2 

ImncA)ilized-l  0 

min. 10  mg/1* 

Trout 

SO2 

Lethal  - 1 hr. 

5 mg/1® 

Fish 

H2SO3 

Lethal 

0.5  mg/1® 

Tench 

H2SO3 

Lethal-2  hr. 

1 it^/1® 

Unfortunately,  in  the  studies  above  the  hardness  of  the  water  was 
not  given.  In  hard,  well-buffered  water  systems,  the  quantity  of  aqueous 
SO2  and  H2SO3  needed  to  lower  the  pH  foake  the  water  more  acidic)  is 
considerably  greater  than  in  soft-water  systems.  If  these  studies  were 
done  in  distilled  water,  a small  amount  of  H2SO3  would  lower  the  pH 
considerably.  Fish  are  very  susceptible  to  sudden  changes  in  pH,  and 
most  cannot  withstand  pH  below  3. 5-4. 5.  Ihe  toxicity  of  SO2-H2SO3 
in  the  above  studies  was  apparently  due  to  the  lowering  of  the  pH. 

Plants 

SO2  is  extremely  toxic  to  plants.  It  interferes  with  pollination  in 
sane  plants^  and  decreases  photosynthesis  by  inhibiting  the  activity  of 
photosynthetic  enzymes.®  It  also  causes  visible  damage  to  plant  tissue. 
Marginal  and  intercostal  necrosis  results  fron  exposure  to  low  concentrations 
of  SO2  (less  than  1 ppm) . Plants  reported  to  exhibit  toxic  reactions  to  SO2 
include;  pimento,  radish,  tomato,  cucunber,  turnip,  Chinese  cabbage,  cabbage, 
lettuce,  eggplant,  spinach,  Populus  deltoides,  Pin\:s  resinosa,  Pinus  nigra, 
and  Pisea  pungeus. 

SO2  in  snog  has  damaged  forests  as  far  as  75  miles  away  from  los 
Angeles. 
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HaSOs  can  cause  lesions  on  plant  tissue.  Acidification  of  the  soil 
by  H2SO3  may  exceed  the  tolerance  limits  of  indigenous  plants,  adlowing  ! 

acid-tolerant  plants  to  invade  the  area. 

Regulatory  Actions,  Standar'ds,  Criteria,  Recognition,  Candidate  Status  for 
Specific  Regulation 

Hie  American  Congress  of  GovemmentcLl  Industrial  Hygienists  (AOGIH)  has 
reccmnended  a tolerance  limit  value  for  SO2  of  5 ppm  in  air  (13  vcg/m^  air) . 

Sax’  states  that  50  to  100  ppm  is  considered  to  be  the  maximum  conoen- 
traticn  permissible  for  30  to  60  minutes  and  400  to  500  ppm  is  iitmediately 
dangerous  to  life. 

SO2  emissicn  is  regulated  by  the  Clear  Air  Act.  The  National  Primary 
itobient  Air  Quality  Standards  for  sulfur  oxides,  measured  as  SO2,  are: 

annu2Ll  arithmetic  mean  - 80  ugm/m’  (0.03  ppm)  ; maximum  24^iour  concentration  ' 

not  to  be  exceeded  more  than  once  per  year  - 365  ugnv/m’  (0.14  ppm) . 

Fossil-fuel  fired  steam  generating  units  are  limited  to  discharge  of 
SO  2 such  that  the  maximum  2-hour  average  for  liquid  fossil  fuel  shall  not 
exceed  0.80  lb. /million  BTU  heat  input  (1.4  gm./millicn  cadories)  and  the 
maximtm  2-hour  average  for  solid  fossil  f’cel  shall  not  exceed  1.2  lb./ 
million  BTO  heat  inpnit  (2.2  gm.Aullion  cail.) . 

i Sulfuric  acid  production  plants  are  limited  to  a 2-hour  discharge  of 

1 SO2  not  in  excess  of  4 lbs. /ton  of  acid  produced  (2  kg. /metric  ton) . 

I SO2  and  sulfite,  the  dissociated  form  of  H2SO3,  are  registered  pesti- 

! cides  ard  their  use  and  handling  is  covered  by  regulations  paxmulgated  by 

the  EPA's  Office  of  Pesticide  Programs. 
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GLOSSARY  OF  TOXICITY  TERMS  AND  SMffiOLS 


Toxicity  terms  and  syntools  used  in  Appendix  A fedJ.  under  two  categories; 
Toxicity  parameters  and  routes  of  administration.  Hie  glossary  is  divided 
into  these  two  topics.  Since  all  toxicity  data  were  reported  2is  they 
appear  in  the  original  reference,  several  equivalent  parameters  are  used 
(e.g.  MIL  » IL50) . 

Toxicity  Parameters 

ILso  - Inhibition  level,  the  concentration  causing  a 50%  reduction  in 
sane  characteristic  such  as  stem  or  root  length. 

LCLo  “ Lowest  published  lethal  ooncentration. 

LDLo  - Lowest  published  lethal  dosage 

LC^  - Lethal  concentration,  x percent  kill  (e.g.  LC50  is  the  concentration 
that  will  kill  50%  of  the  test  population) . 

ID^  - Lethal  dose,  x percent  kill  (e.g.  LD50  is  the  dose  that  will  kill 
50%  of  the  test  population) . 

MIL  - Mean  lethad  dose  (same  as  ILso) . 

TCLo  - Lowest  published  toxic  concentration. 

TDLo  - Lowest  published  toxic  dose 


Median  toxic  level. 


TL  - Toxic  level,  x percent  affected. 


» 


ROUTES  OF  AEMINISTRATION 

Interperitoneal  (ipr)  - administration  into  the  peritoneal  cavity 
Inhalation  (inh)  - breathing  (gases) 

Intramuscular  (im)  - administration  into  the  muscle  by  hypodermic  needle 
Intravenous  - administration  directly  into  the  vein  by  hypodermic  needle 
Oral  - via  the  mouth  (solids  or  liquids) 

ParenteraLL  - administration  into  the  body  via  the  skin.  Reference  not 
specific  as  to  whether  it  is  sub-cutaneous,  intramuscular, 
intravenous,  etc. 

Skin  - application  to  the  intact  skin 
Sub-cutaneous  (scu)  - administration  under  the  skin 
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APPENDIX  B 
State  Legislation 
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state  regulations  were  examined  for  three  major  provisions; 

1.  Prxavision  for  the  pronulgation  of  guidelines  for  solid  waste 
disposail; 

2.  Granting  enforcanent  authority  to  agencies  and  outlining  the 
powers  and  duties  of  the  agencies.  Prescription  of  penalties 
for  violation;  and 

3.  Establishment  of  solid  waste  management  regulations. 

Ihe  following  table  lists  pertinent  state  legislation  and  indicates 
which  of  the  above  points  are  covered  by  each  law. 
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state 

Alabama 


Arizor:a 


Arkansas 


California 


Colorado 


Ccnrecticot 


Title 

Solid  Waste  Disposal 
Art 


Solid  Waste  Managetient 
Hegulaticns 


Alabama  Standards  for 
disposal  of  solid  v«istes 


Alaska 

Alaska  Department  of 
Environmental 
Conservation  Act 

Alaska  Solid  waste 
anaganent  Regulations 

Act  ?to.  and/or 
Effective  Date 

Act  77,  1969 
Amended  by  Art 
No.  2247,  1971 


Effective  July 
19,  1972 


Jur.e  18,  1969 


Lavs  of  Alaska 
Title  46 
July  1,  1971 


Arizona  Solid  Waste 


s 


Not  given 


Arkansas  Solid  Waste 
Managemait  Act 

Act  237,  1971 

Arkansas  Solid  Waste 
Disposad  regulations 

June  28,  1973 

California  Solid  Waste  < 
Management  and  Resource 
recovery  Act  of  1972 

September  18,1973 

California  Eiazardcus 
t-feiste  Control  Act 

1 July  1,  1973 

i 

Colorado  Solid  Waste 
disposed  Sites  and 
Facilities  law 

April  19,  1976 

1 

1 

Solid  Waste 
Regxilations 


April  1,  1972 


Major 

Provisions 


Connecticut  Solid  j CCtcber  1974 

tifeste  Manacement 

Act  i 

] 

L,2 

Comecticat  Solid  Jan.  10,  1975 

Waste  Management 
Regulations  ; 

! 1 

3 

1 

J 
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State 


Title 


Art  No.  and/or  Major 

Effecti^TB  Eate  Provisions 


Delavare 

Delavare  Solid 
Waste  .Authority  Art 

Aug.  12,  1975 

2 

Delaware  Solid 
Waste  Disposal 
regulation 

i 

Aoig.  29,  1974 

3 

Florida 

Florida  Resource 
Reoovery  & Manacenient 
Art 

1 

Not  given 

1 

1,2 

Florida  resource 
recovery  and 
tranagerrent  regulations 

April  15,  1975 

3 

i 

1 

Georgia 

Georgia  Solid  Waste  i 

Managanant  Act  ! 

i 

Act  486, 

Aoril  5,  1972 
■ 

1,2 

1 

Georgia  Solid  Waiste 
Manacerent  Rules 

Dec.  12,  1972 

3 

Hawaii 

1 

Hawaii  Envircrmental 
Ccality  Law  j 

22,  1972 

1 

1,2 

Hawaii  Solid  Waste 
ManagsiEnt  Control 
Regulations 

July  30,  1974 

3 

Idaho 

1 1 

Idaho  Solid  Waste  ; 1972 

Law  ' 1 

! 1 

1,2 

Idaho  Solid  Waste 
Regulations  and 
StandcUids  j 

1 

June  28,  1973 

1 

3 

1 

i 

1 

Illinois 

1 

Illinois  Environ- 
mental Protection 
Act  j 

1970 

' 1 

1 

, 1 

1 

1,2 

Illinois  So.lid 
Weiste  Regulaticns 

i 

July  19,  1973 

j 

3 
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Act  No.  and/or  Major 

State  Title  Effective  Date  Provisions 


Illinois 

(continued) 

Amandnents  to  the 
Environmental 
Protection  Act 

April  12,  1975 

1 

Indiana 

Indiana  Refuse 
Disposal  Act 

1965 

1,2 

Indiana  Solid 
Waste  Manacement 
Permit  regulations 

.Aug.  15,  1974 

i 

^ 1 

Iowa 

Iowa  Department  of 
Environmental  Quality 
Act, Part  1,  Solid 
Waste 

Jan.  1,  1973 

1,2 

.'Cans^ls 

Kansas  Solid  I’feste 
law 

July  1,  1974 

1,2 

Kansas  Solid  Waste 
Disposal  Act 

Aoril  10,  1973 

1,2 

Kansas  Solid  Waste 
Management  Standards 
and  regulations 

Jan.  1,  1972 

3 

Kentucky 

Kenticky  garbage  and 
refuse  disposal  law 

June  1,  1966 

1,2 

Kentucky  Solid 
?<eiste  Regulations 

June  11,  1975 

3 

! 

1 

Louisiana 

Louisiana  Solid 
weste  Regulations 

Jan.  26,  1963 

3 
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Act  No.  and/or  Major 

State  Title  Effective  E5ate  Provisions 


Maine 

1 Maine  Solid  Waste 

Manacenent  Act 

Oct.  3,  1973 

1,2 

Maine  Solid  Waste 
Management  Regula- 
tions 

July  1,  1975 

3 

Marylar.d 

Maxylar.d  Solid 
Waste  Laws 

1 

Net  given 

; ^'2 

1 

.'feryland  Solid 
Waste  Regulations 

Jan.  1971 

3 

Maryland  Hacardoi:s 
Sufastacxes  Disposal 
Act 

:*!ay  17,  1976  ' 

1 

1,2,3 

Massachusetts 

Massachusetts  Solid 

Waste  Disoosal  Law 
■ 

1 

Nov.  27,  1970 

1,2 

1 

Massachusetts  Sanitary 
T andf ill  regulations 

Arril  21,  1971 

1 3 

i 

Michican 

Michigan  Solid 
Waste  Disccsal 
Act 

.Act.  S7 
June  23,  1965 

' 

1,2 

Michigan  Solid 
Waste  Regulations 

j 

1 

1,2 

Minnescta 

Minnesota  Solid 
Waste  Recycling 
Law 

1 

1 July  1,  1974 

j 

i 

1,2 

j 

i 

Minnesota  Solid 
Waste  Disposal 
Regulations 

1 

Sept.  26,  1973 

1 

1 

3 

Minnescta  Hacardcus 
WelSte  Act 

1974  j 1,2 

! 

k 

I 


i 


( 


i 

t 

f 

f 


t state 

Nevada 

f 

Title 

Nevada  Solid 
Waste  Disposal 
Law 

Effective  Date 
Not  given 

Provisions  | 

1,2  1 

1 

Nevada  Solid 
Waste  Managsiient 
Regulations 

3 

’ New  Kanpshire 

New  Hanpshire 
Waste  Disposal 
Laws 

Mar.  1972 

1,2 

2 

New  Jersey 

New  Jersey  Solid 
Waste  laws 

Dec.  6,  1970 

New  Jersey  Waste 
Control  Law 

Jan.  2,  1974 

New  Jersey  Solid 
Waste  Management 
Regulations 

July  1.  1974 

3 

New  Mexico 

New  Mexico 
Solid  W^te 
Management 
RegiiLations 

Jura  3,  1974 

3 

New  York 

■ 

New  York  Environ- 
inental  Conservation 
Law  - Solid  Waste 

Sept.  1,  1973 

1,2 

New  York  Refuse 
Disoosal  Rules 

Sept.  1,  1973 

3 ; 

i 

North 

Carolina 

North  Carolina 
Solid  Waste  Dis- 
posal Law 

1969 

2 

Mar.  11,  1971 


North  Carolina 
Solid  Waste  Dis- 
posal Regulations 


state 


Title 


Act  No.  ard/or 
Effective  Date 


Major 

Provisions 


f 


I 


North 

DeUoota 

North  Dedcota  Solid 
Waste  Managa’.ent 
and  Land  Pronection 
Act 

July  1,  1975 

North  Dakota  Solid 
Waste  Management 
Regulations 

Not  given 

Chic 

Ohio  Solid  Waste 
Disposal  Law 

Not  given 

Ohio  Solid  waste 
Disposed.  Regulations 

July,  1968 

Cklahcna 

Oklahoma  Solid 
Waste  Managemeit 
Act 

1971 

Okleihona  Solid 
Waste  Management 
Regulations 

Jtne  13,  1971 

Cklahcna  Controlled 
Industrial  Waste 
Disposal  Act 

1976 

Oregon  Solid  vsaiste  1973 

Managanent  Law 
- Envircnmental 
Hazardous  ^-Jaste 
Chapter 


Oregon  Solid  Vlaste  Dec.  17,  1971 

Regulations 


Oregon  j 

i 

I 


2 


3 


Oregon  Solid  VZaste 
Managerngit  Regulations 


April  5,  1972 


State 

Title 

Act  NO.  and/or 
Effective  Date 

Major 

Provisions 

Pennsyl'Tania 

Pennsylvania  Solid 
Waste  ManageJtient 
Act 

July  31,  1968 

1,2 

Pennsylvania  Solid 
Waste  Peculations 

Ai^.  2,  1971 

3 

Shcde  Islar4id 

Rhode  Island 
Solid  Wfeste  Law 

July  1,  1974 

1,2 

Rhode  Island 
Solid  U’aiste  Manage- 
ment Regulations 

Mar.  16,  1975 

3 

Soxith 

Carolina 

South  Carolina 
IndustriaLL  Solid 
Vfeste  Disposed  Sits 
Regulation 

Mar.  16,  1972 

3 

South  Carolina 
Guidelines  for 
Waste  Disposal 
Permits 

1 

Feb.  14,  1973 

3 

Scutii 

Dakota 

South  Dakota  Solid 
^'feste  Discosal 
Act 

1 

July  1,  1972 

1,2 

South  Dakota  Solid  1 

N^ste  Rules 

Feb.  20,  1974 

1,2 

Ttemessee 

Terxsssee  Solid 
Waste  Disposal 
Act 

Not  given 

1,2 

i 

Tennises  Solid 
Weiste  Regulations 

Jan.  20,  1971 

3 

B-9 


Verscnt  Solid 
Wasts  Pagulaticns 


Virginia  Solid 
Wasts  Cispcsal 
Law 


Virginia  Solid 
'-lasts  PecriLaticns 


Washington  Solid 
Wasts  >&nace!nsnt 
Law 


Washinctcr-  hazardous 
Wasts  ^rt 


April  17,  1969 


3 

3 

*! 

5 

2,3 

1’ 

1 

1 

i 

3“10 


r 

[ 


I 


» 


state 

W.  Virginia 


Title 

Act  No.  and/or 
Effective  Date 

Major 

Provisions 

W.  Virginia 
Solid  Waste  Laws 

Jldy  13,1973 

1,2 

W.  Virginia 

July  1,  1974 

3 

Solid  Waste 

Regulations 

Wisconsin 


Wisconsin  Solid 


1967 


Waste  Disposal 
Law 


Wisconsin  Solid 
Waste  Maf;agKnent 


Rules 


wyaning 


wycndng  Solid 


1973 


1,2 


Waste  law 


Wyoming  Solid 
Waste  Managerent 
Rules 


Dec.  22,  1975 


3 


APPENDIX  C 

Laboratory  Verification 


4 


r 

» 

^ C-l  Analyticail  Methods 

EH 

All  pH  detenninations  were  performed  with  Orion  lonalyter 
• model  407  with  Calctnel  reference  electrode  and  pH  electrode. 

Conductivity 

Conductivity  was  determined  fay  use  of  YSI  S-C-T  meter  model  33. 
Lithium 

All  anadyses  done  by  Atonic  Absorption  on  sanples  diluted  1:1000. 
Sulfite 

All  analyses  followed  Techniccn  Auto  Analyzer  II  Industrial 
Method  No.  173-72W. 

Cyanide 

The  Auto  Analyzer  II  Indi:istricil  Method  No.  315-74W  (excluding 
UV  digestion)  wcis  used  for  cyanide  analyses.  To  compare  the  accuracy  of 
the  Auto  Analyzer  II  method  to  EPA  accepted  procedures  (Standard  Methods, 
14th  ed.  pp.  365-72) , split  sanples  were  run  by  both  methods.  Conparison 
between  results  given  belw  indicates  a maximom  difference  of  eight  per- 
cent at  concentrations  greater  than  20  mg/1.  In  the  range  of  the  detection 
limit  for  the  EPA  technique,  two  sanples  measured  higher  cyanide  in  Auto 
Analyzer  method.  Five  other  sanples  in  this  range  were  consistent  for 
both  methods. 


Sanple 

Auto  Analyzer 
mg/1  cyanide 

EPA  Approved 
mg/1  cyanide 

Live  1-24  hours 

0.094 

< 0.10 

Live  1-72  hcurs 

0.094 

< 0.10 

Live  I - 144  hours 

0.088 

< 0.10 

Discharged  1-24  hours 

43.0 

41.0 

Discharged  1-72  hours 

39.0 

39.0 

Discharged  I - 144  hours 

28.0 

26.0 

Live  II  - 4 hours 

0.087 

< 0.10 

Live  II  - 24  hours 

0.064 

< 0.10 

I 


San¥>le 

Auto  Analyzer 

EPA  i^roved 

ing/1  cyamde 

mg/1  cvanide 

Live  II  - 72  hours 

0.146 

< 0.10 

Live  II  - 144  hours 

0.128 

< 0.10 

Discharged  II  - 4 hours 

32 

31 

Discharged  II  - 24  hours 

33 

32 

Discharged  II  - 72  hours 

29 

31 

Discharged  II  - 144  hours 

25 

23 

♦ C-2  Laboratory  Results 

All  results  are  presented  in  following  tables: 


Phase  1 

Tcible  C-1 

Phase  2 

Discharged  cells 

Table  C-2 

Live  cells 

Table  C-3 

Controls 

Table  C-4 

Phcise  3 

Lakeland  Discharged 

Table  C-5 

lakeland  Live 

Table  C-6 

LaJceland  Control 

Table  C-7 

Mattapeake  Discharged 

Table  C-8 

Mattapeake  Live 

Table  C-9 

MattapeeOce  Control 

Table  C-10 

Hagerstovn  Discharged 

Table  C-n 

Hagerstown  Live 

Table  C-12 

Hagerstoim  Control 

Table  C-13 

Soil  Characterization 

Table  C-14 

Flo?  Log 

Table  C-15 

i 

! 

1 

1 

TSiBLE  C-1 

LITHILM  BATTERY  DISPOSAL  - PHASE  I 

f. 

DISCHARGE  BKITERY  I 

4hr 

24hrs 

72hrs 

144hrs 

pH 

Conductivity  - umhos 
Tanperature  - C® 

Lithiun  - ing/1 

Sulfite  - tag/1 

Cyanide  - ing/1 

11.90 

6400 

23.0 

352.6 

1080 

34 

11. 70 
5200 
24.0 
366.1 
660 
41 

U'.TiT" 

5600 

24.0 

481 

1560 

39 

iO.^O  ^ 

5500 

23.8 

1076 

1080 

26  1 

1 

DISCSARGH3  BATTERY  II 
pH 

U.60 

11.50 

10.85 

3.90 

Conductivity  - unhos 

5100 

3200 

4100 

5600 

Temcerature  - C“ 

22.5 

26.0 

24.0 

24.0 

Lithim  - mg/1 

339 

257.6 

380 

891 

Sulfite  - mg/1 

360 

480 

1260 

2100 

Cyanide  - tng/1 

31 

32 

31 

23 

CCM^EJTS 


LIVE  BATTERY  I 
?H 

Conductivity 

Tanperature 

Lithian 

Sulfite 

Cyanide 


LIVE  BATTERY  II 
?H 

Conductivity 

Tanperature 

Lithiun 

Sulfite 

Cyanide 


umhos 

C* 

mg/1 

tng/1 

tng/1 

6.4 
3000 
21.6 
474.6 
1730 
< 0.10 

6.7 

3800 

22.3 

515.3 
2050 

< 0.10 

6.9 
6100 
24.0 
721 
1950 
< 0.10 

I 10.3 
1 6400 

1 23.3 

1 798 

I 2350 
1 < 0.10 
1 

’jinhcs 

11.2 

8400 

U.7 

6300 

U.4 

7000 

! 

! 10.4 

1 6200 

- Slight 

C” 

21.6 

23.0 

24.0 

1 24.0 

Flaming 

tng/1 

657.7 

728.5 

698 

i 791 

During 

tngA 

1980 

2420 

5520 

1 4630 

Cpeninc 

mg/1 

< 0.10 

< 0.10 


< 0.10 

< 0.10 

•nVBLE  C-2 


LTEHIUM  BAITERY  DISPOSAL  - PHASE  II  - DEAD  BAITERIES 


DISCBAPGro  . BUTIAL 


Conductivity  - uinhos 
Tanperature  - C* 
Lithiun  - mg/1 
Sulfite  - mc/l 


< 0.03 


1 

f 

1 

1 

• 

DISaiAHGED  - L 
?H 

CondLctivity  - ’oinhss 
Tanperature  - C** 
LitiuLum  - mg/1 

Sulfite  - tng/1 

Cyanide  - ™g/l 

4.30 

2200 

473 

0.96 

0.19 

1 

discharged  - M 

' 

1 

pH 

4.30 

Conductivity  - umhcs 

t 1980 

j 

Tanperature  - C* 

Lithi'm  - mg/1 

442 

Sulfite  - mg/1 

0.66 

i Cyanide  - mg/1 

i 

1.3 

[ DISCHARGED  - H 

i ^ 

5.20 

Conductivity  - umhcs 

2040 

Tanperature  - C 

Lithian  - mg/1 

434 

Sulfite  - mg/1 

0.63 

Cyanide  - mg/1 

0.20 

NA 

1 

i 

4.25 

4.13 

2230 

3230 

22.7 

488 

481 

0.28 

0.67 

2.6  1.1 

168hrs 

CCMffiNTS 

MA 

t 

1 

! 

! 

il 

( 

1 Sample  lost  due  to 
y broken  Flask  72  hrs  after 
. Sample  Taken. 

TRRT3T  C-3 

t LITHIUM  BAITSIOr  DISPOSAL  - PHASE  H - LIVE  BATTEPIES 


LIVE  - INITIAL 

4hrs 

24hrs 

72hrs 

168hrs 

pH 

^ Conductivity  - 'jnihos 

Temperature  - C” 
Lithiun  - mg/1 
Sulfite  - mgr/l 
Cyanide  - mg/1 

6.50 

6800 

19.8 

713 

< 0.03 

< 0.10 

lt;e  - L 

1 

1 

pH 

5.68 

5.71 

5.15 

5.27 

Conductivity  ->jmhcs 

2350 

2730 

3590 

6100 

Temperature  - C* 

22.9 

23.7 

Lithium  - mg/1 

651 

674 

659 

667 

Sulfite  - mg/1 

0.34 

0.39 

0.30 

0.20 

Cyanide  - mg/1 

< 0.10 

< 0.10 

0,13 

0.19 

LIVE  - M 

pH 

5.12 

5.24 

4.52 

2.89 

COnducti’/itv  -'jinhos 

2010 

2210 

3500 

5300 

Temperature  - C® 

22.9 

23.4 

Lithim  - mg/1 

605 

581 

527 

419 

Sulfite  - mg/1 

1.23 

< 0.03 

<0.03 

0.15 

Cyanide  - mg/1 

< 0.10 

< 0.10 

0.10 

< 0.13  i 

1 

LIVE  - H 

1 

1 

pH 

6.63 

6.70 

5.73 

6.59  i 

Conductivity  - umhcs 

2300 

2260 

2420 

4700  j 

Tarperature  - C* 

23.3 

24.1 

Lithian  - mg/1 

581 

574 

581 

442 

Sulfite  - mg/1 

0.31 

< 0.03 

0.C8 

0.84 

Cyanide  - mg/1 

< 0.10 

0.15 

0.44 

0.13 

1 

! 

TABLE  C-4 

t 

LmcrCM  HATTERY  DISPOSAL  - PHASE  II  - CCNIRCLS 


BLANK  - LAKELAND  24hrs  72hrs  CCM1ENTS 


♦ pH 

4.48 

5.00 

Ccnductivity  - ynhcs 

133 

360 

Teniperat’jre  - C* 

23.7 

22.8 

Lithiun  - mg/1 

0.09 

0.20 

Sulfite  - mg/1 

< 0.03 

< 0.03 

Cyanide  - mg/1 

• 

0.16 

, 0.53 

BLANK  - MATTAPEAKE 

V. 

=H 

4.50 

4.69 

Conductivity  - unhos 

55 

200 

'ranperature  - C* 

22.6 

23.0 

Lithim  - mg/1 

0.016 

0.023 

Sulfite  - mg/1 

0.04 

o.oe 

Cyanide  - mg/1 

< 0.13 

< 0.13 

BLANK  - HAGERSTOWN 

6.05 

5.96 

Ccncuctivity  - umhxis 

106 

305 

Tsncerature  - C** 

22.3 

23.1 

Lithian  - mg/1 

0.033 

0.13 

SxiLfita  - mg/1 

< 0.03 

< 0.03 

Cyanide  - mg/1 

< 0.10 

• 0.13 

TABLE  C-5 
PHASE  III 

LAKELAND  WITH  DISCHARGED  BATTERIES 


CCND.  VCILME  CYAN.  LITH  SLITITE 

CATE  TIME  pH  umhas  C®  ml  mg/1  mg/1  mg/1 


TABLE  C-6 


PHASE  III 


LAKELAND  WITH  LIVE  BATTERIES 


date 

TT>E 

pH 

CO®. 

yinhos 

TEMP. 

VQLDME 

ml 

! 

CYAN 

mg/1 

LITH. 

rag/1 

SULFITE 

mg/1 

1/23 

1105 

1 

1/24 

1105 

5.55 

130 

19.8 

600  i 

0.005 

0.042 

0.15 

1/25 

1005 

5.63 

125 

22.0 

430  j 

0.005  ' 

0.028 

0.15 

1/26 

U008 

5.85 

205 

21.6 

275  ! 

0.006 

0.007 

0.12 

1/21 

1330 

5.83 

3210 

20.7 

500  ; 

0.042 

336 

450 

1/28 

1406 

6.30 

12,900 

18.9 

500  ; 

1.40 

2,356 

11,400 

1/29 

1300 

11-82 

22,000 

19.1 

500  1 

1.20 

3,035 

9,000 

1/30 

1316 

U.78 

19,800 

18.4 

250  1 

0.34 

2,392 

7,200 

1/31 

1230 

U.83 

17,600 

19.1 

250  j 

0.36 

2,199 

6,300 

2/1 

1330 

195 

2/2 

1135 

11.68 

16,300 

13.9 

100 

0.77 

1,821 

4,300 

2/3 

1405 

U.60 

14,300 

19.2 

200 

0.49 

1,499 

3,900 

2/4 

1401 

U.52 

11,600 

19.3 

200  ; 

0.33 

1,035 

2,580 

2/5 

1132 

170 

2/5 

1253 

U.45 

9,000 

18.7 

165 

0.21 

771 

1,590 

2/7 

1254 

120 

2/3 

0932 

U.35 

7,400 

19.0 

140  ' 

0.15 

493 

540 

2/9 

1300 

40 

2/10 

1200 

40 

2/U 

1341 

40  ; 

j 

2/12 

1342 

40 

2/14 

1300 

40  ; 

} 

1 

2/15 

1335 

11.26 

4,150 

18.6 

40  ‘ 

0.11 

3.36 

ISO 

2/16 

1337 

50  i 

1 

2/17 

1337 

11.20 

3,700 

18.9 

170 

0.05 

259.6  1 

50.0 

2/13 

1352 

130  ; 

i 

2/19 

1309 

11. CO 

3,050 

20.1 

150  i 

0.04 

217.5 

32.0 

2/20 

U33 

11.12 

2,920 

19.8 

250  i 

0.03 

182.5 

13.0 

2/22 

1341 

11.00 

1,890 

19.60 

300 

< 0.02 

101.7  i 

9 . 0 

2/23 

1342 

130 

1 

1 

2/27 

i 

2/23 

190 

98.2 

12.5 

3/2 

1313 

10.85 

1,150 

19.30 

20  i 

) 

80.7 

13.5 

4 


C-8 


TRBLE  C-7 
PHASE  in 
LAKELAND  CCNTPCL 


TEMP. 


C 


VOL. 

oaN 

LHH  1 

ml 

mg/1 

mg/1  ! 

35 

25 

1 

90 

1 

1 

400 

0.006 

0.014  ! 

335 

0.014 

0.43  i 

350 

0.050 

1.96  ; 

290 

0.012 

0.13  1 

250 

0.016 

0.81  i 

250 

0.033 

0.07  i 

250 

0.14 

0.023  ! 

250 

0.061 

0.035  i 

250 

0.074 

1.16  1 

250 

0.075 

0.88  1 

250 

0.050 

1.95  1 

250 

0.111 

3.45  ' 

160 

i 

150 

0.012 

< 0.005 

100 

■ 

100 

0.088 

3.35  i 

100 

1 

200 

0.024 

0.31 

100 

! 

I 

I SULFITE 


< 0,005  < 0.005 


T3^BIZ  C-8 


PHASE  III 

MMThPEAKE  wrm  DISCEAECm  BAnSRIZS 


*CATE 

TIME 

?H 

CCND. 

ymhos 

UMP. 

C* 

1 ' 

VQIIME  CaN  i LHH 

nl  mg/1  ng/1 

SOiriTE 

rag/1 

1/27 

1400 

1 ISO  1 i 

1/28 

1400 

6.38 

450 

19.7 

50  j 0.010  , 0.028 

0.03 

1/29 

1300 

1 25  1 

i 

1 

^ 1/30 

1311 

1 30  i 

1 

1/31 

1230 

25  1 

! 

2/1 

1330 

15 

j 

2/2 

U30 

. i 

2/3 

1401 

i 25  i 

j 

2/4 

1400 

i 25  i 

2/5 

1122 

6.19 

282 

18.8 

25  ■ 0.008  0.64 

< 0.03 

2/6 

1251 

1 25 

1 

2/7 

1250 

25 

' i 

2/3 

0931 

25  ! 

2/9 

1300 

; 25 

2/10 

1200 

i 25  ! 

2/U 

1330 

i 25  : 

2/12 

1339 

i 25  : 

i 

2/14 

1257 

! 15  • i j 

2/15 

1331 

IS  1 

2/16 

1333 

7.71 

365 

19.8 

15  , < 0.005  0.25 

<0.06  i 

2/17 

1336 

15  1 1 

2/18 

1351 

10  ; 1 

2/19 

1305 

10  i I 

2/20 

U30 

10  j 

2/21 

1333 

10  I 

2/22 

1337 

10  ^ 

2/23 

1341 

10 

2/23 

1500 

35  1 

3/2 

1311 

10  ' 0.006  i ■ 

3/5 

1517 

7.47 

434 

19.2 

35  0.26 

<0.06  I 

C-10 


I 


TRRT.y  C-9 

* PHASE  III 

MAITEAPEAKE  WITH 


Conductivity 

Tano. 

^ DATE 

TIME 

pK 

ymhos 

CO* 

1/23 

UOO 

1/24 

U05 

1/25 

1005 

. 1/26 
’ V27 

U07 

1347 

6.71 

490 

19.1 

1/23 

1400 

1/29 

1300 

1/30 

1310 

V31 

1230 

2/1 
^ 2/2 

1330 

1130 

2/3 

1400 

2/4 

1350 

2/5 

U21 

2/6 

1250 

, 2/7 
2/3 

1^50 

0930 

2/9 

1300 

2/10 

1200 

2/11 

1330 

2/12 

1335 

1 

2/14 

1253 

2/15 

1230 

2/16 

1331 

8.12 

710 

19.8 

2/17 

1336 

2/18 

1350 

2/19 

1305 

2/20 

U30 

2/21 

1332 

2/22 

1336 

2/23 

1340 

2/23 

1500 

3/2 

1310 

Ra'I'l'CTy  I I- Si 


PHASE  III 

EAC2RST0WN  WITH  LIVE  BATTSUZS 


i 

i 

i 


I 


i 

i 


I 

I 

■ 

i 


DATE 

TH4E 

1 

1 pH 

CCND 

unihos 

TEMP. 

C“ 

VOLUME  ' CYAN 
ml  1 mg/1 

lhh 

mg/l 

1 

1 SULFITE 
; mg/l 

1/23 

1105 

1 i 

i 

1/24 

1105 

i 1 

i 

1/25 

1005  . 

75 

I 

1/26 

1119 

6.82 

U80 

1 19.8 

70  ' 0.009 

< 0.005 

i 0.09 

1/27 

1400 

60 

t 

J 

1/28 

1421 

35 

j 

1/29 

1320 

15 

1/30 

1333 

40 

1 

1 

1 

1/31 

1240 

40 

1 

1 

1 

2/1 

1352 

6.99 

1190 

19.1 

40  ; 0.011 

0.13 

j 0.09 

2/2 

1140 

1 

35 

2/3 

1415 

35 

2/4 

1416 

' 30 

2/5 

1139 

i 30 

i 

2/6 

1259 

' 30  ! 

1 

2/7 

1259 

, 30  1 

1 

2/8 

0940 

7.00 

1200 

18.3 

30  ; 0.014 

2.0 

0.18 

2/9 

1300 

30  i i 

1 

1 

2/10 

1204 

30  ■ ! 

1 

1 

2/11 

1349  ; 

30  i 1 

2/12 

1347  ! 

30  ; j 

2/14 

1307  > 

40  1 i 

2/15 

1346  , 

30  : j 

2/16 

1350  1 

30  i 

2/17 

1346 

7.40 

910 

20.1 

50  ' 0.008  i 

1.09 

0.09 

2/18 

1357  1 

45  1 i 

2/19 

13U  1 

55  ; 

2/20 

U49  I 

50  : 

2/21 

1337  ! 

45 

2/22 

1352  ! 

7.19 

780 

20.2 

50  : < 0.005  i 

0.35 

0.09 

2/23 

1346  j 

50  i 

2/28 

20  ■ ! 

3/2 

1320  i 

30  i i 

i 
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TABLE  C-13 

PHASE  rri 

HAGEPSTOWN  CCNEBOL 

CCND.  [ TSMP.  VDL.  C»N 

vanhDs  C®  ml  mg/1 


SLTinE 

mg/1 


r 


■TOBLE  C-15 

VODUME  LOG  FOR  HAGERSTOWN 
SOIL  LEACEAai:  CCIEMNS 


DATE 

Tine 

LIVE 

Vol. 

A Vol. 

Time 

CCNIRQL 

Vol. 

1 Vol. 

DISCHARGED 
Time  Vol . A 

Vo]  . 

JAN. 23 

U05 

Ctsened 

24 

U05 

75 

75 

U05 

50 

50 

25 

1005 

150 

75 

1030 

100 

50 

26 

1119 

220 

70 

U20 

250 

150 

1700 

Opened 

27 

1400 

280 

60 

1405 

415 

165 

1402 

30 

30 

23 

1421 

315 

35 

1426 

560 

145 

1422 

55 

25 

29 

1320 

330 

15 

1322 

710 

150 

1320 

80 

25 

30 

1330 

370 

40 

1335 

870 

160 

1334 

105 

25 

31 

1240 

410 

40 

1342 

1030 

160 

1241 

120 

15 

FE3.  1 

1352 

450 

40 

1358 

1180 

150 

1357 

150 

30 

2 

U40 

485 

35 

U43 

1305 

125 

1141 

180 

30 

3 

1415 

520 

35 

1420 

1440 

135 

1415 

210 

30 

4 

1416 

550 

30 

1417 

1565 

125 

1416 

240 

30 

5 

U39 

580 

30 

U41 

1690 

125 

1140 

270 

30 

6 

1259 

610 

30 

1302 

1815 

125 

1301 

300 

30 

7 

1259 

640 

30 

1302 

1940 

125 

130n 

330 

30 

3 

0940 

670 

30 

0946 

2065 

125 

0945 

360 

30 

9 

1300 

700 

30 

1300 

2190 

125 

1300 

385 

25 

10 

1204 

730 

30 

1205 

2315 

125 

1205 

405 

20 

U 

1349 

760 

30 

1356 

2440 

125 

1351 

425 

20 

12 

1347 

790 

30 

1345 

2565 

125 

1343 

445 

20 

13 

14 

1307 

890 

40 

1307 

2815 

250 

1306 

485 

40 

15 

1346 

860 

30 

1348 

2940 

125 

1346 

505 

20 

16 

1350 

890 

30 

1342 

3065 

125 

1341 

525 

20 

17 

1346 

940 

50 

1348 

3200 

135 

1347 

615 

20 

13 

1357 

985 

45 

1359 

3335 

135 

1358 

695 

80 

19 

1311 

1040 

55 

1313 

3470 

135 

1312 

745 

50 

20 

U49 

1090 

50 

U51 

3610 

140 

1150 

785 

40 

21 

1337 

1135 

45 

1340 

3745 

135 

1337 

825 

40 

22 

1352 

U25 

50 

1356 

3880 

135 

1353 

865 

40 

23 

1346 

1235 

50 

1351 

4015 

135 

1350 

910 

45 

24 

25 

26 

27 

4615 

500 

23 

1500 

1255 

20 

1508 

4750 

135 

1503 

1030 

120 

Mar.  1 

1255 

4750 

1030 

2 

1320 

1285 

30 

1322 

4900 

150 

1321 

1115 

85 

1540 

1380 

95 

1544 

5250 

350 

1542 

1180 

65 

8 

U07 

1435 

55 

1108 

5650 

400 

1109 

1240 

60 

TABLE  C-15 

VOLOffi  LCG  FOR  LAKELM® 
SOIL  LEACHATE  COLLMNS 


LIVE 

CCNIRCL 

DISCSARGED 

DATE 

Time  Vol. 

AVol. 

Time  Vol.  iVol. 

Time  Vol.  AVol. 

JAN. 23 

U05 

Opened 

24 

1105 

600 

600 

U05 

35 

35 

25 

1005 

1030 

430 

1025 

60 

25 

26 

1108 

1305 

275 

1116 

150 

90 

1700 

Opened 

27 

1330 

1805 

500 

1340 

550 

400 

1335 

300 

300 

28 

1406 

2305 

500 

1420 

885 

335 

1410 

770 

470 

29 

1300 

2805 

500 

1310 

1235 

350 

1300 

1270 

500 

30 

1316 

3055 

250 

1325 

1525 

290 

1319 

1520 

250 

31 

1230 

3305 

250 

1235 

1775 

250 

1235 

1670 

150 

FEB.  1 

1330 

3500 

195 

1340 

2025 

250 

1330 

1820 

150 

2 

U35 

3600 

100 

1138 

2275 

250 

1137 

1920 

100 

3 

1405 

3800 

200 

1410 

2525 

250 

1407 

2020 

100 

4 

1401 

4000 

200 

1410 

2775 

250 

1409 

2220 

200 

5 

U32 

4170 

170 

U39 

3025 

250 

U36 

2540 

320 

6 

1253 

4335 

165 

1258 

3275 

250 

1258 

2710 

170 

7 

1254 

4455 

120 

1258 

3525 

250 

1255 

2875 

165 

3 

0932 

4575 

140 

0938 

3685 

160 

0937 

2975 

100 

9 

1300 

4635 

40 

1300 

3835 

150 

1300 

3075 

100 

10 

1200 

4675 

40 

1203 

3935 

100 

1200 

3175 

100 

11 

1341 

4715 

40 

1346 

4035 

100 

1342 

3275 

100 

12 

13 

14 

1342 

4755 

40 

1345 

4135 

100 

1343 

3375 

100 

1300 

4775 

30 

1305 

4335 

200 

1301 

3575 

200 

15 

1335 

4875 

40 

1345 

4435 

100 

1341 

3775 

200 

16 

1337 

4925 

50 

1342 

4535 

100 

1348 

4025 

250 

17 

1337 

5075 

170 

1340 

4635 

100 

1345 

4225 

200 

18 

1352 

5275 

180 

1353 

4755 

120 

1356 

4435 

210 

19 

1309 

5425 

150 

1310 

4855 

100 

1312 

4635 

200 

20 

U33 

5675 

250 

1145 

4705 

50 

1148 

4845 

210 

21 

1334 

5775 

300 

1334 

5065 

160 

1335 

5160 

315 

22 

1341 

6275 

300 

1339 

5U5 

50 

1350 

5480 

320 

23 

24 

1342 

6405 

130 

1342 

5165 

50 

1346 

5630 

200 

25 

26 

27 

5165 

6280 

600 

28 

1501 

6295 

190 

1502 

5317 

1500 

1502 

6265 

85 

.M2tr.  1 

6295 

5315 

6365 

2 

1313 

6315 

20 

1316 

5330 

15 

1315 

6375 

10 

5 

1530 

6635 

320 

1537 

5340 

10 

1535 

6385 

10 

3 

1102 

7035 

400 

1106 

5350 

10 

1103 

6375 

400 

1 


I 

1 
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TMLE  C-15 


VDLCHE  LOG  FOR  MATrAPEAKE 
SOIL  IEV03ATE  COLCKNS 


f 


t 


♦ 


» 


LIVE 

CCNTRCL 

DISCHARGED 

OAIE 

Time 

vol. 

AVol. 

Time 

Vol. 

iVol. 

Time 

Vol. 

ivol 

JAN. 23 

1100 

Opened 

24 

1105 

75 

75 

U05 

175 

175 

25 

1005 

150 

75 

1010 

350 

175 

26 

U07 

130 

30 

1108 

385 

35 

1700 

Ocened 

27 

1347 

220 

30 

1400 

420 

35 

1400 

150 

150 

23 

1400 

250 

30 

1405 

450 

30 

1400 

200 

50 

29 

1300 

270 

20 

1300 

470 

20 

1300 

225 

25 

30 

1310 

280 

10 

1312 

550 

80 

1311 

255 

30 

31 

1230 

290 

10 

1230 

600 

50 

1230 

230 

25 

FEB.  1 

1330 

300 

10 

1330 

650 

50 

1330 

295 

15 

2 

U30 

310 

10 

1130 

700 

50 

U30 

310 

15 

3 

1400 

320 

10 

1402 

750 

50 

1401 

335 

25 

4 

1350 

330 

10 

1401 

300 

50 

1400 

360 

25 

5 

1121 

340 

10 

1131 

850 

50 

U22 

385 

25 

6 

1250 

350 

10 

1252 

900 

50 

1251 

410 

25 

7 

1250 

360 

10 

1251 

950 

50 

1250 

435 

25 

3 

0930 

370 

10 

0931 

1000 

50 

0931 

460 

25 

9 

1300 

380 

10 

1300 

1050 

50 

1300 

485 

25 

10 

1200 

390 

10 

1202 

1100 

50 

1200 

510 

25 

U 

1330 

400 

10 

1331 

1150 

50 

1330 

535 

25 

12 

1335 

410 

10 

1340 

1200 

50 

1339 

560 

25 

u 

14 

1253 

430 

20 

1258 

1300 

100 

1257 

610 

50 

15 

1330 

440 

10 

1332 

1350 

50 

1331 

635 

25 

16 

1331 

450 

10 

1336 

1400 

50 

1333 

650 

15 

17 

1336 

465 

15 

1336 

1440 

40 

1336 

665 

15 

18 

1350 

475 

10 

1352 

1490 

50 

1351 

675 

10 

19 

1305 

485 

10 

1306 

1540 

50 

1305 

685 

10 

20 

U30 

495 

10 

1130 

1570 

50 

1130 

675 

10 

21 

1332 

505 

10 

1334 

1640 

50 

1333 

705 

10 

22 

1336 

515 

10 

1336 

1590 

50 

1337 

715 

10 

23 

1340 

525 

10 

1341 

725 

10 

24 

25 

26 

27 

28 

1500 

555 

30 

1500 

1990 

300 

1500 

760 

35 

MAR.  1 

555 

1990 

760 

2 

3 

1310 

565 

10 

1312 

2090 

100 

1311 

770 

10 

4 

5 

6 

15U 

565 

- 

1519 

2290 

200 

1517 

855 

35 

/ 

8 

1100 

575 

10 

1101 

2420 

130 

UOO 

385 

30 

i 


I 

f 

r 
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DISTRIBUTION  LIST 


Defense  Docunentaticn  Center 

ATIN:  DDC-TCA 

Cameron  Station  (Bldg  5) 

Alexandria,  VA  22314  (12  copies) 


Cdimander 

Harry  Diamond  Laboratories 
ATIN:  DRXDO-RDD  (Mr.  A.  Benderly) 

2800  Powder  Mill  Road 
AdeJphi,  MD  20783 


CCnriander 

Navzd  Surface  Weapons  Center 
Code  WR-33  (Mr.  D.  Warburton) 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 


Ccrirander 

AF  Aero  Propulsion  Laboratory 
ATUI:  AEAPI/POE-1  (Mr.  Bishop) 

Wright  Patterson  AFB,  OH  45433 

NASA  Scientific  & Tech  Info  Facility 
B6dtirnoreAJashington  Inti  Airport 
P.O.  Box  8757 
Maryland  21240 


Power  Information  Center 
University  City  Science  Center 
3624  Science  Center 
Philadelphia,  PA  19104 

Cdimander 

US  Amy  Electronics  Cdnrand 
ATTN:  DRSEL-TL-PB 

i Fort  Monmouth,  NJ  07703 


, Cdimander 

( US  Army  Electronics  Ccnmand 

ATTN:  DRSEL-PL-ST 

Fort  Monmouth,  NJ  07703 

Central  Intelligence  Agency 
ATTN:  Mr.  George  tiethly 

Washington,  DC  20505 


(5  copies) 


ESB,  Inc. 

Ray-O-Vac  Division 
ATIN:  Mr.  P.  Albert 

t 212  East  Washingtcn  Avenue 

Madison,  WI  53703 

Eagle-Picher  Industries,  Inc. 
Electronics  Division 

• Couples  Department 
P.O.  Box  47 
Joplin,  MD  64801 

□lion  Carbide  Corporation 
AITN:  Mr.  R.  Powsrs 

* 12900  Snow  Road 
Parma,  OH  44130 

P.R.  Mallory  & Co,  Inc. 

ATIN:  Mr.  Eugene  Errico 

C South  Broadway 

Tarrytcwn-  NY  10591 


Fcwar  Conversion,  Inc. 

: ATIN;  Mr.  B.  Jagid 

ig;  70  MacQuesten  Par.kway  South 

I Mount  VerrjDn,  NY  10550 

Koneyvell,  Inc. 

AT2J:  Mr.  T.  Whittaker 

' 104  Rock  Road 

Horsham,  PA  19044 

GTE  laboratory,  Inc. 

40  Sylvan  Road 
Waltham,  MA  02154 

C 

; Canmarder 

ECCM 

ATIN:  DRSEL-i'-SS-TI 

Fort  Monmouth,  NJ  07703 

Ccritander 
EOCM 

ATTN:  DRSEL-GG-TD 

Fort  Monmouth,  NJ  07703 


(2  copies) 


